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ABSTRACT
Tertiary age rocks are exposed along north-south trending structures throughout
the hinterland Altiplano plateau, central Andes.  The east limb of the Corque syncline
(SW Bolivia) contains the thickest and most continuous successions of late Eocene–
Oligocene age non-marine strata (Potoco Formation) on the Altiplano.  The Potoco is up
to ~6500 m thick and has continuous exposure >103 km2 making it the thickest and most
extensive remnant of the mid-Tertiary Altiplano basin.  Basin fill during late
Eocene–Oligocene time remains the most rapid and sustained period of deposition since
Andean orogenesis, recording a long-term sediment accumulation rate of ~0.5 mm/my.
The Potoco consists of fine-grained sandstone, mudstone, and gypsum deposits
and lithofacies indicate deposition during periodic flooding in broad, poorly confined
channels, and floodplain and playa lake environments.  Deposits coarsen upward and
channel deposits are thicker, less extensive, and more lenticular upsection.  The
thickness, extent, and ephemeral depositional style exhibited by the Potoco are attributed
to rapid sediment accumulation facilitated by sheetflow-dominated rivers in a region
undergoing rapid subsidence and arid climate conditions.
Provenance data from the succession, including paleocurrent indicators and
sandstone composition, document a paleoflow reversal accompanied by a distinct
variation in composition.  The basal ~4200 meters coarsens up and was deposited by
xi
east-directed rivers containing lithic sandstone, shistose, gneissic, granitic, and volcanic
fragments.  The overlying succession coarsens up and contains lithic sandstone, shistose,
and volcanic fragments deposited by west-directed rivers.  Provenance trends indicate
two source areas west and east of the basin during late Eocene–Oligocene time.
Thrust faults, active west and east of the basin during mid-Tertiary time,
substantiate applying flexural modeling to determine if crustal shortening can account for
basin development.  Models incorporating effective elastic thickness west (20 km) and
east (13.5 km) of the deepest portion of the basin and basin depth (~4200 meters east-
directed; ~3000 meters west-directed) and length (120 km east-directed; 75 km west-
directed) reveal that subsidence from shortening, while non-unique, is one viable
mechanism for basin formation.  Potoco sedimentology, stratigraphy, provenance trends,
and model results provide a testable tectonic model to explain evolution of the Altiplano




The Andean orogenic belt is a >7000 km long topographic feature located along
the western margin of South America (Figure 1-1).  The highest and widest portion of the
belt is located within the central Andes of southern Peru, Bolivia, and northern Argentina
where the mountain belt is over 3 km high by ~800 km wide.  The central Andes consist
of: Tertiary age arc volcanic rocks of the Western Cordillera; Cretaceous and Tertiary age
sedimentary rocks and Quaternary alluvium of the hinterland Altiplano plateau; deformed
Paleozoic sedimentary rocks of the Eastern Cordillera; and the actively deforming
Subandean Zone which comprises the modern Andean fold-thrust belt (Isacks, 1988;
Allmendinger et al., 1997; Baby et al., 1997) (Figure 1-2).  Adjacent and east of the
Subandean Zone are the Chaco and Beni Plains, a flat lowland region that makes up the
modern Andean foreland basin and overlies the basement of the Brazilian Shield.  The
crust beneath the central Andes is up to ~70 km thick (James, 1971; Wigger et al., 1994;
Zandt et al., 1994; Beck et al., 1996) and has been widely attributed to crustal shortening
that occurred during Tertiary orogenesis (Jordan and Alonso, 1987; Allmendinger et al.,
1997; Sempere et al., 1990, 1997; Kennan et al., 1995; Lamb and Hoke, 1997; Horton
and DeCelles, 1997; Horton, 1998).  The distribution of these tectonogeomorphic zones
throughout the central Andes and the subduction geometry of the Nazca plate beneath the
Figure 1-1.  Digital elevation model of South America.  Elevated region along the
western margin of South America represents the Andean orogenic belt (>7000 km long).
Note the highest (>3 km) and widest (~800 km) portion of the orogenic belt located in

























Figure 1-2.  Digital elevation model and shaded topography of the central Andes.  The
central Andes are made up of five distinct tectonogeomorphic zones, which include the
Western Cordillera, Altiplano plateau, Eastern Cordillera, Subandean Zone, and Chaco
and Beni Plains.  The yellow/green area and corresponding gray area on location map
depict elevated region above ~3 km.  The outlined area in the northwest region of each
figure represents location of study on the Altiplano plateau.  (DEM image from USGS
30 DEM, produced by Cornell Andes Project).    
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South American plate (Figure 1-3) has led to general acceptance of the Andes as a type
example of an orogenic belt associated with oceanic-continental plate convergence
(Dewey and Bird, 1970; James, 1971).
GEOLOGIC HISTORY
The tectonic evolution of the Andean mountain belt began during Late Jurassic
time (Jordan et al., 1983; Sempere et al., 1997) and was characterized by episodes of
compression, extension, transtension, and periods of tectonic quiescence (Sempere et al.,
1997).  During Late Jurassic–Early Cretaceous time, tectonic conditions throughout the
central Andes consisted of extension and transtension resulting in sedimentary basins
formed by rifting and postrift thermal sag.  Widespread contraction began by Late
Cretaceous time and is attributed to sustained periods of oblique and normal convergence
between the Farallon (Nazca) and South American plates (Pilger, 1981, 1984; Pardo-
Casas and Molnar, 1987).  Compression and crustal shortening have occurred throughout
the central Andes since Late Cretaceous time and are widely accepted to be partially
responsible for the thick crust (~70 km) beneath the central Andes.
 Since the Late Cretaceous the tectonic history of the Andes is generally accepted
as a compressional regime.  However, many investigators have proposed that contraction
was sporadic since Late Cretaceous time consisting of at least three separate "phases" of
compression occurring throughout the central Andes and characterized by three distinct
episodes of increased tectonic activity during the Late Cretaceous (Peruvian phase),



























Figure 1-3.  Regional topographic profile and lithospheric cross section through the
central Andes (modified from Isacks, 1988).  From west to east, the central Andes are
composed of the Western Cordillera, Altiplano plateau, Eastern Cordillera, and
Subandean Zone.  The crust is up to ~70 km thick beneath the central Andes and is
generally attributed to crustal shortening associated with numerous east-vergent
structures observed along the plateau and eastern Andean slope.  A schematic regional
decollement depicts crustal thickening associated with convergence between the Nazca






Eocene (Incaic phase), and Miocene–Pliocene (Quechua phase) (Steinman, 1929; McKee
and Noble, 1982; Megard, 1984;  Megard et al., 1984; Noble et al., 1974, 1979).  The
following text provides a general summary of plate motion, tectonic regimes, and
stratigraphy since the Late Jurassic inception of Andean orogenesis.
Late Jurassic–Early Cretaceous (Extension and Transtension)
The initiation of Andean mountain building began during Late Jurassic time
(Jordan et al., 1983; Sempere et al., 1997) resulting from the segmentation of Gondwana
during the late stages of Pangaea breakup and subsequent western migration of South
America across the Pacific Ocean basin (Coney and Evenchick, 1994; Sempere, 1995).
Rifting between South America and Africa (opening of the South Atlantic) was underway
by the Early Jurassic and continued through Early Cretaceous time.  During Late
Jurassic–Early Cretaceous time, the oceanic Phoenix plate traveled southward along the
western margin of the South American plate (Figure 1-4) resulting in a passive Andean
margin and alternate periods of extension and rifting, and tectonic quiescence throughout
the central Andes (Coney and Evenchick, 1994; Sempere, 1995 Sempere et al., 1997).
Late Jurassic–Early Cretaceous stratigraphy in the central Andes consists primarily of
nonmarine redbed deposits, alkaline volcanic rocks, and thin successions of marine

















































Figure 1-4.  Generalized plate tectonic history since the initiation of Andean orogenesis
during Late Jurassic time.  Arrow along the western margin of South America denotes
relative direction of plate migration.  During Late Jurassic–Early Cretaceous time, the
western Andean margin remained passive as the Phoenix plate passed southward along
the South American plate.  The Late Cretaceous–Paleogene was characterized by
periods of oblique and normal convergence between the Farallon and South American
plates.  Fragmentation of the Farallon plate into Nazca and Cocos plates occurred during
Neogene time (~25 Ma).  All reconstructions are centered on a fixed 80˚W (modified
from Coney and Evenchick, 1994).     
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Late Cretaceous (Peruvian Compressional Phase)
By the beginning of the Late Cretaceous, the spreading ridge between the Phoenix
and Farallon plates had migrated southward past the Andean margin and the westward
migrating South American plate began to override the oceanic Farallon plate (Figure 1-
4).  Periods of oblique and normal convergence between these two plates are widely
accepted as the first "phase" of contractional deformation associated with subduction and
crustal shortening in the central Andes.  Compression during Late Cretaceous time was
marked by sporadic episodes of crustal shortening and flexural loading accompanied by
the deposition of marginal marine carbonate and lacustrine evaporite deposits (Sempere
et al., 1997).
Paleogene (Eocene Incaic Compressional Phase)
Tectonic activity throughout  Paleocene–middle Eocene time remained "dormant"
possibly associated with a decrease in average convergence rates (Sempere et al., 1997).
However, by late Eocene time rapid normal convergence resulted in some of the fastest
recorded convergence rates between the Farallon and South American plates (Pardo-
Casas and Molnar, 1987).  Paleocene–middle Eocene stratigraphy is characterized by thin
(<300 m thick) successions of nonmarine redbed lacustrine deposits and paleosol deposits
typically <100 m thick (Horton et al. 2001).  Although the Oligocene is often considered
a period of tectonic quiescence associated with slow rates of convergence (Pardo-Casas
and Molnar, 1987; Sempere et al., 1997), some of the thickest successions of nonmarine
9
strata (up to ~7000 m thick) are represented in late Eocene–Oligocene stratigraphy.
These thick successions of mid-Tertiary strata occur throughout the Altiplano plateau and
mark a distinct change in the thickness and lithology of Andean stratigraphy from thin
successions of marginal marine, lacustrine, and paleosol deposits (<900 m thick) to thick
fluvial successions.
Neogene–Present (Miocene–Pliocene Quechua Compressional Phase)
The fragmentation of the Farallon plate into the Nazca and Cocos plates began
near the end of late Oligocene time (~25 m.y.) (Figure 1-4) and was accompanied by an
increased and relatively steady rate of convergence between the Nazca and South
American plates that prevailed throughout Cenozoic time (Pilger, 1981, 1984; Pardo-
Casas and Molnar, 1987).  Rapid convergence during Neogene time resulted in thick
nonmarine successions (up to ~5000 m thick) throughout the central Andes that consist of
fluvial and alluvial fan deposits and volcanic tuffs.
PROJECT OVERVIEW
Although it is widely accepted that compression and crustal shortening began in
the central Andes during the Late Cretaceous and continued through Cenozoic time, the
tectonic mechanisms controlling the distribution and progression of deformation and
subsequent basin formation and patterns of sedimentation remain unclear.  During
periods of contraction within an orogenic belt it is not uncommon for episodes of
compression and subsequent crustal shortening and thickening in one region to be
10
accompanied by extension and transtension in other regions throughout the mountain
belt.  In the case of the central Andes, the Altiplano basin was formed during a Tertiary
phase of compression.  However, a range of tectonic mechanisms including flexural
loading to extension has been proposed to explain its formation and filling history.
Moreover, a lack of detailed study of Altiplano basin stratigraphy and poor age constraint
of basin strata until recent has inhibited understanding the timing and true nature of
deformation throughout this region since Late Cretaceous time.
The Corque syncline region in SW Bolivia contains one of the thickest
successions of mid-Tertiary nonmarine deposits in the central Andes  (~7000 m thick)
and makes up the exposed remnant of the Tertiary Altiplano basin.  The thickest portion
of the Altiplano basin consists of the late Eocene–Oligocene age Potoco Formation
exposed along the east limb of the Corque syncline.  The Potoco represents one of the
thickest successions of nonmarine strata in Andean stratigraphy (~6500 m thick) making
it one of the most ideal locations in the central Andes to examine the relationship
between tectonic processes and synorogenic sedimentation during mid-Tertiary time.
The goal of this study is aimed at documenting the stratigraphic thickness, lateral
extent, and sedimentologic and provenance trends of the basal ~7000 m of the Altiplano
basin in order to provide a record of basin fill during mid-Tertiary time.  By documenting
the geometry of the Altiplano basin and locations of uplifted source areas adjacent to this
region, a first order understanding of the spatial distribution of deformation and
11
synorogenic deposition may be attained.  Constraints on location of deformation and
basin geometry can be applied to test and model tectonic mechanisms that may have been
influential in forming the Altiplano basin.
STUDY AREA
Altiplano Plateau
The central Andean plateau is a topographically flat ~300,000 km2 region with an
average elevation of ~3 km (Figure 1-2). The Altiplano forms the central part of the
plateau within Bolivia and is made up of dominantly Quaternary alluvium and a north-
south trending belt of exposed Paleozoic and Cenozoic rocks that have experienced
significant horizontal shortening (Lamb and Hoke, 1997; McQuarrie and DeCelles, 2001)
(Figure 1-5).  This outcrop belt can be traced northward into Peru and southward into
northern Argentina and represents the exposed remnant of the mid-Tertiary Altiplano
basin.  The plateau is bound in the west by Miocene–Pliocene arc volcanic rocks of the
Western Cordillera and in the east by deformed Paleozoic marine and lacustrine rocks of
the Eastern Cordillera (Figure 1-5).  Limited exposures of Precambrian basement are
located along the western margin of the plateau.
Corque Syncline Region
The Corque syncline is the largest structure in the Altiplano outcrop belt and
contains one of the thickest and most complete Tertiary age nonmarine sedimentary
successions in the central Andes.  This project presents a summary of stratigraphic
................. .........................
.











Figure 1-5.  Generalized geologic map of the north-central Altiplano plateau and
adjacent tectonogeomorphic zones in SW Bolivia.  The Altiplano primarily consists of
thick successions of late Eocene–Oligocene sedimentary rocks, Miocene–Pliocene
sedimentary and volcanic rocks, and Quaternary alluvium.  Cretaceous–Paleocene
sedimentary rocks are also exposed on the plateau.  The western border of the Altiplano
is composed of Neogene age volcanic rocks that make up the Western Cordillera.
Precambrian metamorphic and igneous rocks are exposed in one locality along the
western margin of the plateau.  The eastern margin of the plateau is bound by folded
and faulted Paleozoic sedimentary and volcanic rocks and Cretaceous–Paleocene
sedimentary rocks of the Eastern Cordillera.  Outlined region represents location of
project study area.  An outline of project study area is plotted on Figure 1-2 for its
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thickness and sedimentologic and provenance trends from the basal ~7000 meters of the
Altiplano basin determined from data collected at five measured stratigraphic sections
located in the Corque syncline region (Andamarca, San Pedro, Corque, Chuquichambi,
and Corocoro) (Figure 1-6).  An outline of the Corque syncline study area (Figure 1-6) is
overlain in Figure 1-2 and Figure 1-5 for location reference in the central Andes and
Altiplano plateau.
A thrust fault along the eastern margin of the syncline has exposed a continuous
succession of late Eocene–Oligocene nonmarine strata that make up the majority of the
Potoco Formation (Corque and Chuquichambi locations) (Figure 1-6).  Previous
investigators have mapped an additional thrust fault along the east limb of the syncline
indicative of a cross-cutting relationship within the Potoco (dashed thrust fault in Figure
1-5 and 1-6).  However, palynological and tuff ages from samples located throughout this
succession have demonstrated that the Potoco is progressively younger from base to top
(Horton et al., 2001).  Moreover, no thrust faults or repeated stratigraphic successions
were observed in the middle portion of the Potoco.  Hence, the succession is considered
continuous and provides a complete preserved record of sedimentation in the Altiplano
basin during late Eocene through Oligocene time.
South, along strike of the syncline, Cretaceous to late Eocene–Oligocene age
sedimentary rocks have been exposed in two small anticlines (Andamarca and San Pedro
































































































Figure 1-6.  General map showing the locations of five measured
stratigraphic sections in the Corque syncline region.  Shaded geology
represents extent of exposed late Eocene–Oligocene nonmarine
sedimentary rocks in the study area.  (Qal = Quaternary alluvium;
M-PLv = Miocene–Pliocene volcanic rocks; M-PLsv = Miocene–Pliocene
sedimentary and volcanic rocks; K-Os = Cretaceous–Oligocene
sedimentary rocks).      
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Formation, however they document a significant sedimentary facies shift from
Cretaceous–middle Eocene marginal marine and lacustrine rocks and paleosols to
overlying late Eocene–Oligocene nonmarine succession of the Potoco Formation (Horton
et al., 2001).  Late Eocene–Oligocene strata is also exposed in an anticline along strike
and north of the Corque syncline (Corocoro location) (Figure 1-6).  The west limb of the
Corque syncline contains east directed coarse-grained sandstone and gravel deposits,
however continuous exposure of these strata is partially masked by Miocene–Pliocene
age volcanic rocks and Quaternary alluvium that unconformably overlie these deposits.
ALTIPLANO STRATIGRAPHY
Exposed strata throughout the Altiplano plateau consist primarily of Late
Cretaceous–Neogene age marine and nonmarine sedimentary and volcanic rocks.  The
stratigraphy of the Corque syncline region is dominated by a thick succession (~12 km
thick) of late Eocene–Miocene age nonmarine sedimentary and volcanic rocks that
comprise the Potoco and Totoro Formations (Figure 1-7).  Underlying strata consist of
thin Late Cretaceous–middle Eocene age paleosol deposits (basal 100 m of Potoco) and
thin (< 900 m thick) lacustrine and marginal marine deposits of the El Molino and Santa
Lucia Formation (Figure 1-7).  The following text provides a general summary of the age,
thickness, and lithology of each formation and highlights a significant transition in
Andean stratigraphy from a period of reduced sediment accumulation represented by Late
Figure 1-7.   Summary of chronologic constraint for latest Cretaceous through Neogene
strata determined from age data collected from the Altiplano plateau and Eastern
Cordillera.  Symbols denote available age control (mammal and marine fossils,
palynomorph ranges, volcanic tuff isotopic ages, and magnetostratigraphy). Formation
thickness and lithology are based on occurrences in the Corque syncline region.  Shaded
area denotes the age, thickness, and lithology of the Potoco Formation in the Corque
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Cretaceous–middle Eocene marine, lacustrine, and paleosol deposits to rapidly deposited
late Eocene–Miocene nonmarine deposits.
Latest Cretaceous–Middle Eocene
Marginal marine and lacustrine sedimentary rocks of the El Molino and Santa
Lucia Formations make up Maastrichtian through middle Paleocene strata.  The El
Molino Formation is typically <600 meters thick (Horton et al., 2001) and is composed of
marginal marine carbonate and subordinate mudstone.  The age of the El Molino has
been documented using marine fossils, two 40Ar/39Ar volcanic tuff ages (71.59 + 0.25 Ma
and 72.57 + 0.15 Ma), and magnetostratigraphic sections in the Eastern Cordillera (Gayet
et al., 1991; Sempere et al., 1997) (Figure 1-7).  The El Molino Formation is the youngest
marine succession in the Altiplano and marks the final stage of marine conditions in this
region (Lundberg et al., 1998).
The Santa Lucia Formation conformably overlies the El Molino and is made up of
thin successions (50–300 m thick) of distal fluvial-lacustrine rocks (Horton et al., 2001).
The age of the Santa Lucia has been determined by magnetostratigraphic sections and
Paleocene mammal fossils in the Eastern Cordillera (Gayet et al., 1991; Sempere et al.,
1997; Marshall et al., 1997) and the top of the formation is assigned an age of ~58 Ma.
The Santa Lucia is directly overlain by a 20–100-m-thick zone of paleosols that make up
the base of the Potoco Formation.  These paleosols are pervasive throughout the
Altiplano and Eastern Cordillera have been interpreted to represent long episodes (>106
18
yr) of sustained soil development possibly attributed to a prolonged period of slow
sediment accumulation and subsidence during late Paleocene–middle Eocene time
(~15–20 m.y.) (Horton et al., 2001).
Late Eocene–Oligocene
The main body of the Potoco Formation overlying the basal 20–100 m of paleosol
deposits consists of thick successions (up to ~6500 m thick) of nonmarine fluvial deposits
(Figure 1-7).  Potoco-equivalent rocks throughout the plateau include the Tiahuanacu,
San Andres, Ballivian, Pando, and Berenguela Formations (Evernden et al., 1997).
Previous investigators have mapped three separate members of the Potoco in the east
limb of the Corque syncline that include the lower Chuquichambi member (evaporite
deposits directly overlying basal paleosol deposits), middle Huayllamarca Formation, and
upper Huayllapucara Formation.  Based on the continuous and homogeneous nature of
the Potoco in the east limb of the syncline, this study combines these members and refers
to all three together with the basal paleosol deposits as the Potoco Formation.  The west
limb of the Corque syncline contains the conglomerate-rich Turco and Azurita
Formations presumed to represent the coarse-grained equivalent of the Potoco (Lamb and
Hoke, 1997).
The age of Potoco-equivalent rocks in the north and central Altiplano has been
constrained by late Eocene–early Oligocene palynological dates near the base and middle
of successions (Horton et al., 2001), and K-Ar ages (29.2 + 0.8 Ma, 29.6 + 0.8 Ma)
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(Swanson et al., 1987; Sempere et al., 1990) from two tuffs near the top of the succession
(Figure 1-7).  Four palynological ages from samples near the base of the Potoco indicate
a late Eocene–Oligocene age for the base of the succession directly above paleosol
deposits and a fifth sample from the middle of the succession indicates an early
Oligocene age (Horton et al., 2001) (Figure 1-8).  Palynological age data throughout the
succession, together with two K-Ar dates (23.0 + 0.8 Ma, 23.9 + 1.3 Ma) (Kennan et al.,
1995) form a volcanic tuff located just above the top of the Potoco (lowermost Totoro
Formation) (Figure 1-8), indicate a late Eocene–Oligocene age for the main body of the
Potoco.  The underlying 20–100 meters of the paleosol deposits that comprise the base of
the Potoco were deposited over a ~15–20 m.y. period (late Paleocene–middle Eocene)
that postdates the top of the Santa Lucia Formation (~58 Ma) and predates the main body
of the Potoco (late Eocene–Oligocene) (Horton et al., 2001).
Miocene–Pliocene
Strata overlying the Potoco Formation in the Corque syncline region consist of
thick successions (up to ~5000 m thick) of medium- to coarse-grained fluvial deposits
and volcanic tuffs referred to as the Totoro Formation (Figure 1-7).  Totoro equivalent
rocks throughout the Altiplano consist of fluvial and alluvial fan deposits and volcanic
tuffs and include the Coniri, Penas, Luribay-Salla, Tambillo and San Vicente Formations
(Evernden et al., 1977; Sempere et al., 1990, MacFadden, 1990; Suarez and Diaz, 1996;
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from K-Ar ages sampled throughout the plateau indicating Miocene age.  Two previously
mentioned K-Ar ages (23.0 + 0.8 Ma, 23.0 + 1.3 Ma) from a tuff sampled just above the
top of the Potoco in the Corque syncline region indicate a Miocene age for the base of the
Totoro (Figure 1-7 and Figure 1-8).  The common occurrence of volcanic tuffs
interbedded with nonmarine sedimentary deposits throughout Neogene stratigraphy mark
a subtle transition from underlying strata of the Potoco-equivalent rocks suggesting that
long-term "sustained" volcanic activity likely began in the central Andes during late
Oligocene–Miocene time and continued throughout Neogene time.
STRATIGRAPHIC CORRELATION
The age of the Potoco Formation is constrained by palynological ages from
samples collected at four of the five study locations (Andamarca, San Pedro,
Chuquichambi, Corocoro) (Figure 1-8).  Two locations along the east limb of the
syncline (Corque and Chuquichambi) contain complete sections of the Potoco Formation.
The age of the base of the Potoco is constrained in the Chuquichambi section by late
Eocene–Oligocene ages from palynological samples, and at the top by a late Oligocene to
Miocene age tuff.  There is no age control for the Potoco at the Corque study location
however, correlation between the Chuquichambi and Corque study locations is facilitated
by two lithologic occurrences at the base and top of measured sections at each location.
Gypsum-evaporite deposits (late Eocene–Oligocene palynological age at Chuquichambi)
occur near the base of the Potoco and can be correlated along-strike between the two
22
study locations (Figure 1-8 and 1-9).  Similarly, a volcanic tuff near the top of the Potoco
(23.0 + 0.8 Ma and 23.0 + 1.3 Ma) occurs at both study locations (Figure 1-8 and 1-9).
Both of the upper and lower lithologic correlations are made using air photos and can be
traced in the field for several tens of kilometers along laterally continuous exposures
(Figure 1-9).  Hence, the Chuquichambi and Corque locations are considered to contain
complete successions of the Potoco Formation.
The remaining sections south (Andamarca and San Pedro) and north (Corocoro)
of the Chuquichambi and Corque locations do not contain complete sections of the
Potoco Formation.  However, deposits at the Andamarca and San Pedro study locations
contain succession of latest Cretaceous to late Eocene–Oligocene strata that document
facies transition from slow marine and lacustrine deposition of the El Molino and Santa
Lucia Formations to rapid deposition of the Potoco Formation.  The El Molino and Santa
Lucia are not exposed at the Chuquichambi and Corque study locations but are presumed
to occur in the subsurface at each location based on their widespread exposure throughout
the plateau and Eastern Cordillera (Horton et al., 2001).
The following text outlines the sedimentologic and provenance trends for up to
~7000 meters of nonmarine strata that comprises the thickest remaining remnant of the
mid-Tertiary Altiplano basin.  All data was collected from measured stratigraphic
sections in the project study area and include 1) detailed sedimentology including


























































































































































































































































































































































































































































































































































extent of depositional systems, 3) paleocurrent trends, and 4) modal framework grain
composition of the basal ~7000 meters of the Altiplano basin exposed in the Corque
syncline region.  Constraints on the sedimentology, regional scale, and provenance of
mid-Tertiary depositional systems in the Altiplano basin provide a basis for testing viable
tectonic processes active in controlling synorogenic sedimentation and basin formation
throughout a extensive region in the central Andes.  Moreover, a further understanding of
the tectonic mechanisms active during late Eocene–Oligocene time provides a more
complete perspective of the evolution of Tertiary orogenesis in the central Andes.
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CHAPTER 2: SEDIMENTOLOGY AND STRATIGRAPHY
INTRODUCTION
Classification of fluvial systems commonly involves assignment of depositional
style to classic end-member stream models such as braided, meandering, or anastamosing
rivers.  In modern settings, these river systems are largely distinguished by their regional
aerial morphology, patterns of sediment migration observed in fluvial channels,
distribution of sedimentary facies, and overall geometry of deposits in channel and
floodplain regions.  Modern fluvial settings also allows for direct documentation of
stream load, discharge, gradient, and observation of local and regional tectonic, climatic,
and eustatic conditions that affect these variables and ultimately determine fluvial style.
As a result, the development of a modern river under particular conditions of slope,
discharge, and stream load often follows relatively predictable fluvial patterns (Bridge,
1985, 1993) that correspond to a unique distribution of facies and geometry of deposits
preserved within the system (Miall, 1977, 1985).  In the case of ancient river systems,
interpretation of fluvial style relies primarily on documented facies distribution and
architectural geometry of preserved deposits.  Moreover, the thickness, lateral extent, and
distribution of facies associated with ancient river deposits often represent the last
remaining fingerprint of regional tectonic, climatic, and eustatic conditions that
influenced fluvial style during the time of deposition.
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Based on the observation of modern rivers and documentation of facies and
geometry from ancient and modern fluvial deposits, a classification scheme exits for
distinguishing between meandering, braided, and anastamosing fluvial styles in modern
and ancient fluvial deposits.  Morphologic indicators of meandering river systems
typically include the lateral and downstream migration of sediment in point bars within
one main sinuous channel and migration of the channel laterally throughout a fine-
grained floodplain region (Allen, 1963; Davies, 1966).  Evidence for migration of a
meandering channel is found in accretion surfaces and epsilon cross bedding preserved in
point bar deposits.  Meandering rivers are typically associated with low discharge and
variable slope and climate conditions.  Modern braided rivers can be distinguished by
their characteristic bifurcated channel network typically characterized by numerous short-
lived channels, under bedload conditions, and containing abundant in-channel bars
(Smith, 1970; Hein and Walker, 1977; Cant, 1978).  Diagnostic indicators for braided
river deposits include multiple channel and bar elements exhibiting lateral and
downstream accretion.  Complete bar elements are rarely preserved due to subsequent
erosional scouring from overlying channels.  Significant amounts of floodplain deposits
are often considered rare in braided river deposits due to constant laterally reworking of
the floodplain regions by multiple channels (McKey, 1967; Miall, 1977, 1978, 1985;
Miall and Gibling, 1978) often resulting in downstream transport of fine-grained
material.  Anastamosing rivers can be distinguished from meandering and braided rivers
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primarily by channel morphology.  Anastamosing systems consist of a few relatively
straight, well-defined, isolated channels that are typically confined to a mud dominated
floodplain (Smith and Smith, 1980; Rust, 1981; Smith, 1986; Eberth and Miall, 1991;
Gibling et al., 1998).  Channel fill deposits from anastamosing rivers rarely contain bar
elements, lateral accretion surfaces, or cross bedding, indicative of lateral channel
migration.
Each fluvial model has an established set of criteria used in identifying a stream
system by morphology and distribution of facies.  As a result, there is a tendency in
fluvial sedimentology to confine sedimentologic interpretations of large scale, long-term
river systems and their resulting deposits into one of these classic models.  However, an
increased number of fluvial styles, responsible for depositing thick and extensive fluvial
successions, appear to be fundamentally distinct from these "standard" fluvial models
possibly requiring further study into the climatic, tectonic, and eustatic conditions
influencing these alternative fluvial style and subsequent deposits.
One fluvial pattern that strays from the traditional classification schemes is the
sheetflow-dominated fluvial system, commonly associated with laterally extensive, sand-
dominated rivers in modern settings.  Deposits of these systems exhibit predominantly
non-erosional, sheet-like sand bodies that lack the well-defined lenticular channel and bar
elements characteristic of braided, meandering, and anastomosing fluvial systems.
Deposition is typically characterized by periodic pulses of rapid sedimentation during
28
flood events in broad, poorly-confined channels and unconfined sheets.  Periods of peak
flooding often result in main flow extending beyond the confines of crude channels and
resulting in shallow, unconfined sheetflow (Bromley, 1991). Water discharge and
sediment transport in these systems are commonly ephemeral in nature (McKee et al.,
1967; Williams, 1971; Miall 1977, 1978).  Fluvial models for sheetflow-dominated
systems exist but are often classified as a subset of sandy braided rivers due to their
striking similarity in sand-dominated facies distribution, extensive channel network, and
rare occurrence of fine-grained mud facies.
Sheetflow-dominated processes and subsequent deposits are most commonly
associated with distal braid plains, alluvial fan environments typically <102 km2 (Whipple
and Dunne, 1992; Blair and McPherson, 1994; Horton and Schmitt, 1996), and
distributive fluvial fan systems that cover areas up to 105 km2 (Friend, 1978; Parkash et
al., 1983; Tunbridge, 1984; Kelly and Olsen, 1993; Rhee and Chough, 1993).  However,
sheetflow-dominated fluvial processes have been documented for much larger scale
fluvial "megafans" that cover areas >105 km2 (Gohain and Parkash, 1990; Singh et al.,
1993; Stanistreet and McCarthy, 1993; DeCelles and Cavazza, 1999; Horton and
DeCelles, 2001).
Arid climate conditions and regional moisture deficit often results in seasonal
precipitation and flash flooding and are most commonly cited as the influencing factor
controlling sheetflow-dominated processes in braid plain and fan depositional
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environments.  The ephemeral nature of sheetflow-dominated rivers results in
transmission loss and infiltration of flow in channels and floodplain regions and ultimate
evaporation and termination of all flow prior to exiting the system.  Some of the best
examples of climate controlled sheetflow fluvial processes are observed in terminal
fluvial fan settings in which water from stream channels infiltrates the fan surface and
eventually terminates in basin margin eolian and playa lake environments prior to exiting
the fluvial system (Friend, 1978; Kelly and Olsen, 1993; Newell et al., 1999).  The
terminal nature of sheetflow-dominated rivers effectively eliminates alteration of fluvial
patterns by eustatic fluctuation, leaving climatic and tectonic conditions as the two
controlling factors influencing sheetflow-dominated fluvial patterns.  The purpose of this
study is to report on the detailed sedimentology, lateral extent, and thickness of deposits
from an ancient, long-lived and large-scaled fluvial system characterized by sheetflow-
dominated depositional processes and to examine the range of climatic and tectonic
conditions that may have influenced fluvial style.
A ~7000-m-thick fluvial succession of late Eocene–Oligocene age is composed of
sandstone, mudstone, and gypsum deposits that are exposed along the east limb of the
Corque syncline on the Altiplano plateau in the Bolivian central Andes. These deposits
have a continuous lateral exposure >103 km2 and represent one of the thickest and most
rapidly accumulated succession of fluvial deposits documented in a mountain belt.
Moreover, they provide a continuous record of sedimentation in the Altiplano basin
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during mid-Tertiary Andean orogenesis. The thickness and lateral extent of these deposits
suggest that sheetflow-dominated fluvial processes were sustained and played the
defining role in the filling history of the Altiplano basin.  The succession contains fine-
grained sandstone bodies that exhibit sedimentary facies and channel geometry similar to
sandy braided rivers and sheetflow-dominated rivers.  However, the occurrence of
significant amounts of mudstone facies suggests a fluvial model that deviates from
existing braided and sheetflow-dominated stream models.  By documenting facies
distribution, thickness, and lateral extent of the basal ~7000 m of sedimentary deposits in
the Altiplano basin, this study provides a large-scale ancient analog for sheetflow-
dominated rivers.  Moreover, the preservation and distribution of fine-grained facies
throughout the succession suggests an alternative sheetflow fluvial model for these
deposits and reexamination of controls on sheetflow-dominated fluvial patterns.
SEDIMENTARY FRAMEWORK
The sedimentology of the late Eocene–Oligocene portion of the Potoco Formation
was documented in measured stratigraphic sections from five locations in the Corque
syncline region (Figure 2-1).  Two distinct coarsening upward trends are observed in the
Potoco Formation.  The first trend is observed in the basal ~4000 meters at the
Chuquichambi location and basal ~2000 meters at the Corque location where the Potoco
coarsens upward from fine-grained tabular sandstone bodies interbedded with mudstone
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interbedded with mudstone (Figure 2-1).  The base of the Potoco (basal ~750 meters) is
composed primarily of interbedded gypsum and mudstone that coarsen upward into
overlying deposits of fine-grained tabular sandstone bodies that are interbedded with
mudstone (Figure 2-2).  Tabular sandstone bodies are typically <2 meters thick and
extend laterally for >150 meters.  Tabular fine-grained deposits are overlain by the main
body of the Potoco consisting of extensive succession of fine- to medium-grained
lenticular sandstone bodies that are typically 2-3 meters thick, extend laterally for <150
meters, and are interbedded with fine-grained sandstone and mudstone deposits (Figure
2-3).
  The second coarsening upward trend is observed in the overlying remainder of
the succession at the Chuquichambi and Corque locations where fine-grained tabular
sandstone and mudstone deposits coarsen upward into fine- to medium-grained lenticular
sandstone bodies that are interbedded with mudstone (Figure 2-1).  Individual tabular and
lenticular sandstone bodies are encased within laminated, massive and aggregated
mudstone deposits throughout the succession.
Nine separate sedimentary facies were identified in the Potoco Formation (Table
1) and the distribution of these facies through the succession led to identification of three
facies associations indicative of deposition in playa lake, floodplain, and channel
environments (Figure 2-1).  Sedimentologic description and interpretation of facies
associations are summarized in Table 2.
Figure 2-2.  Fine-grained deposits of interbedded gypsum, mudstone, and sandstone
make up the base of the Potoco Formation at the Chuquichambi study location (view to
the northwest).  The stratigraphic section was measured upsection from the right side of
the figure to the left.  Beds are inclined and dipping to the WSW.  Gypsum and
mudstone deposits (right of white arrow) coarsen upward into interbedded deposits of
tabular fine-grained sandstone bodies and mudstone (left of white arrow).  Occurrences
of gypsum deposits are confined to the basal ~750 meters of the Potoco Formation.
Town of Chuquichambi for scale (right side of figure).
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Figure 2-3.  The basal ~3000 meters of the Potoco Formation in the east limb of the
Corque syncline near the Chuquichambi study location (view to the southeast).
Stratigraphic sections were measured upsection from the left side of the figure to the
right.  Beds are dipping to the WSW.  Deposits that make up the low lying ridge in the
background (base of measured section) coarsen upward from fine-grained tabular
sandstone, mudstone, and gypsum to medium-grained sandstone and mudstone deposits
(foreground in center of figure).  Two distinct coarsening upward trends are observed in
the lower and upper portions of the Potoco and are accompanied by an increase in
thickness and lenticularity of sandstone deposits upsection.  Adobe house for scale




Horizontal cross-stratification  fine- to medium-grained
sandstone; no grading; flat parallel lamination; parting
lineations on bedding plane
Deposition under upper plane-bed
flow conditions during sheetflood
events; critical flow
Ripple cross-stratification  fine- to medium-grained
sandstone; no grading; stoss and lee side preservation; ripple
marks on bedding plane; ripples are <0.04 m high  
Trough cross-stratification  fine- to medium-grained
sandstone; no grading; trough sets are <0.5 m thick;
mudstone rip-up-clasts common near base of troughs 
Sedimentation during migration of
wave and current ripples; low flow
regime conditions; bedload transport 
Fine lamination  mudstone; flat parallel lamination;
secondary structures included desiccation cracks and
bioturbation 
Migrating of 3-D dunes in shallow
water; traction processes during
low flow regime conditions 
Massive (root traces)  mudstone; massive appearance;
vertically oriented root casts; calcite replacement
Migration of  3-D dunes or bars,
and/or plane-bed deposition on
sloped surface; 
Pedogenic carbonate  mudstone and claystone; massive
aggregated mudstone with thin clay-skin coating;
<0.01-m-thick calcite veins; calcareous
Suspension fallout/weak traction;
low flow regime; waning flow
conditions
Table 2-1.  Summary of facies classifications in the Potoco Formation, Corque
syncline.  Facies codes from Miall, (1977).
Suspension fallout; deposition
during low flow regime; waning
flow and fallout in standing water 
Soil development and vegetation of
mud deposits; arid to semi arid
environment
Massive  fine-grained sandstone; no grading or
stratification
 
Sediment gravity flow; turbidity
currents in  fluid flows
Low-angle cross-stratification  fine- to medium-grained
sandstone; no grading; cross-stratification dips <10 degrees;
parting lineations on bedding planes 













Soil development of mud deposits;
leaching and carbonate precipitation;





































































































































































   



































   






















































   






































































   































































































































































































































































   

































   





























































   






































































































































































   


































   
































   






































































   



































   





































   


































   










   
   
  


















































































































































































































   


































   




















































   













































   

























































































































































































































































































   





































   













































































   



































   


































































































































































   





































   



































   

































































   


































   

















































   

































   





































   






   
   
   



















































Facies Association 1 (FA 1)
DESCRIPTION
Occurrences of tabular fine-grained sheets of interbedded green to purple-gray,
gypsum-bearing sandstone, mudstone, and translucent and opaque gypsum crystals are
confined to the basal ~750 m of measured sections.  Gypsum bearing bed contacts are
nonerosive and individual beds extend laterally for >200 meters and are commonly
interbedded with brick red mudstone in continuous intervals up to ~150 m thick (Figure
2-4).  Gypsum deposits are typically 0.25–2 m thick and are commonly encased within
5–10-m-thick successions of laminated and massive red mudstone (Figure 2-5).
Individual beds are 0.01-0.20 m thick, fine upward, and contain vertical successions of
horizontal and ripple-cross-stratified sandstone, massive sandstone, and finely laminated
and massive mudstone (Figure 2-6 and 2-7).  Ripple-cross-stratified sandstone commonly
Occurs at the top of sandstone sheets and is overlain by laminated and massive mudstone
and gypsum.  Horizontal-cross-stratified sandstone makes up the base of tabular sheets
and is overlain by vertical successions of horizontal and ripple-cross-stratified and
massive sandstone, laminated and massive mudstone, and gypsum that is bound by
mudstone deposits of Facies Association 2 (Figure 2-7).
INTERPRETATION
Playa Lake  Gypsum-bearing deposits are interpreted to be the result of clastic
deposition and evaporite precipitation in shallow playa lake environments located in
Figure 2-4.  Laterally extensive gypsum-bearing deposits of Facies Association 1
(playa lake) interbedded with mudstone and sandstone deposits of Facies Association 2
(floodplain) occur at the base of the measured stratigraphic section at the
Chuquichambi study location (east limb of the Corque syncline; view to the northwest).
Beds are inclined and dip toward the WSW.  Continuous successions of interbedded
floodplain and playa lake deposits are common in the basal ~750 meters of the Potoco
Formation.  Note stratigraphic thickness of measured section between the two white
arrows is ~50 meters.  The town of Chuquichambi is located in the backround (right
side of figure) for scale.     
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Figure 2-5.   Gypsum-bearing deposits of Facies Association 1 (playa lake) interbedded
with fine-grained deposits of Facies Association 2 (floodplain).  The tabular gray sheet
in the middle of figure (vertical bed) is ~0.5 m thick and made up of interbedded
gypsum, sandstone, and mudstone.  Gypsum deposits are bound by red mudstone and
sandstone floodplain deposits.  White arrow denotes location of rock hammer (0.32 m
long) for scale.
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Figure 2-6.  Vertical successions of gypsum-bearing sandstone and mudstone deposits
of Facies Association 1 (playa lake).  Facies distribution in gypsum deposits consist of
horizontal (Sh) and ripple-cross-stratified (Sr), and massive (Sm) fine-grained
sandstone.  Sandstone beds are typically interbedded with laminated (Fl) and massive
mudstone (Fm), and gypsum.  Individual beds are 0.01–0.03 m thick in this figure.  The
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Figure 2-7.  Detailed 10-m-thick stratigraphic section of fine-grained deposits
from the basal ~150 meters of the Potoco Formation.  Section depicts facies
distribution in gypsum-bearing deposits (gray) of Facies Association 1 (playa
lake) and mudstone and sandstone deposits of Facies Association 2 (floodplain).
Playa lake and floodplain deposits are interbedded throughout the basal ~750
meters of the Potoco Formation.  
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topographically low areas of a floodplain.  The vertical distribution of sandstone facies is
interpreted to have resulted from (1) initial wave driven traction during flood events and
subsequent migration of wave and current ripples during waning flood stages (Horton and
Schmitt, 1996), followed by, (2) sediment gravity flows in lakes (Lowe, 1982) following
flood events.  Mudstone is attributed to late-stage suspension fallout following initial
flooding (Ghibaudo, 1992) and gravity flow events.  Precipitation of gypsum occurred as
a result of lake water evaporation and saturation.  Although the preservation of complete
Bouma sequence turbidite facies may be expected in these deposits, only individual
massive sandstone beds are preserved from sediment gravity flow events.
Facies Association 2 (FA 2)
DESCRIPTION
Laterally extensive deposits of dark red mudstone from base to top of measured
sections occur together with thin isolated sheet of sandstone to make up Facies
Association 2 (Figure 2-8).  Sandstone and mudstone deposits are typically 5–10 m thick,
but may be up to 50 m thick.  Mudstone beds are 0.01–2.0 m thick, sandstone sheets are
typically <0.75 thick, and both extend laterally for >200 m.  Individual mudstone and
sandstone beds exhibit nonerosive basal contacts.  The majority of mudstone deposits are
> 0.10 m thick, massive, and contain spheroidal mudstone aggregates (peds) coated by
clay skins that exhibit slickenside surfaces (Figure 2-9).  Peds are typically 0.01–0.05 m
in diameter.  Laminated and massive mudstone is rare and typically 0.01–0.15 m thick.
Figure 2-8.  Laterally extensive mudstone and sandstone deposits of Facies Association
2 (floodplain).  Deposits are commonly 5–10 m thick with successions up to 50 m thick.
Beds are 0.01–0.25 m thick, tabular, and exhibit non-erosive bed contacts.  Fine-grained
deposits of Facies Association 2 occur frequently throughout at all five study locations
from base to top of measured sections.  White arrow denotes location of rock hammer
(0.32 m long) for scale. 
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Figure 2-9.  Massive aggregated mudstone deposits of
Facies Association 2 (floodplain).  Mudstone deposits
exhibit no sedimentary structures and are made up of
spheroidal mudstone aggregates or peds (0.01–0.05 m in
diameter) that exhibit clay-skin coating with slickenside
surfaces.  Overall these deposits are calcareous.  The
pencil is 0.15 m long for scale reference.    
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Overall, aggregated mudstone deposits are moderately calcareous, and gypsum
and calcite veins are locally present but rare.  Root traces are common near the top of
mudstone and sandstone beds and are often associated with faint red and gray
discoloration "horizons" (Figure 2-10).  Occurrences of mudcracks and horizontal and
vertical burrow structures are rare.  Sandstone deposits are 0.05–0.75 m thick, horizontal
and ripple-cross-stratified and are directly overlain by laminated or aggregated mudstone
(Figure 2-11).  Fine-grained vertical successions consist of thin sheets of horizontal and
ripple-cross-stratified sandstone bound by laminated and massive mudstone and
mudstone aggregates (Figure 2-11).  Bioturbation structures in sandstone deposits are
rare.  Figure 2-12 contains a detailed 10-m-thick stratigraphic section of mudstone and
sandstone deposits that comprised this facies association.   Mudstone and sandstone
deposits of Facies Association 2 exhibit non-erosional bounding surfaces with overlying
gypsum deposits and tabular sandstone bodies and erosional contacts from overlying
lenticular sandstone bodies.
INTERPRETATION
Floodplain  Fine-grained sandstone and mudstone successions of Facies
Association 2 are interpreted as floodplain deposits that overtopped confined channels.
The dominantly aggregated texture of mudstone and occurrence of root traces suggest
that a majority of floodplain regions underwent periods of non-deposition and subsequent
oxidation and pedogenic alteration accompanied by plant development (Bown and Kraus,
Figure 2-10.  Vertically oriented root casts in massive mudstone deposits of Facies
Association 2 (floodplain).  Individual roots were typically ~1.0 mm wide by 5.0 mm
tall and have been replaced by calcite.  Variable color variations (red and gray) roughly
parallel to bedding planes may represent zones of vertical leaching and accumulation.
White arrows denote locations of two root casts.  The pencil is 0.15 m long for scale.
 
46
Figure 2-11.  Vertical facies distribution in mudstone and
fine-grained sandstone deposits of Facies Association 2
(floodplain).  Sandstone beds are typically  0.05–0.75 m
thick and exhibit horizontal (Sh) and ripple cross-
stratification (Sr).  Massive beds containing bioturbation
structures occur locally in sandstone beds (white arrow
denotes bioturbated bed).  Mudstone beds are laminated
(Fl) and massive (Fm) and commonly exhibit aggregated
texture often accompanied by root traces and peds (P).


























Figure 2-12.  Detailed 10-m-thick stratigraphic section of fine-grained deposits
from Facies Association 2 (floodplain).  Sandstone beds are 0.20–0.75 m thick,
exhibit no basal erosional scour and are dominantly horizontal (Sh) and ripple-
cross-stratified (Sr).  Mudstone is laminated (Fl) and massive (Fm) and mudstone












 1987; Retallack, 1988).  Slickenside surfaces on paleosol peds are interpreted to have
formed by the vertical movement of clay material associated with water infiltration after
flood events.  Although deposits are mildly calcareous, the lack of significant amounts of
carbonate material, in addition to the occurrence of discoloration horizons, suggest that
partial leaching may have occurred as a result of moderately well-drained conditions
throughout floodplain deposits.  Limited amounts of carbonate material in the
sediment source area may have also contributed to the amount of carbonate material in
floodplain deposits.  Laminated and massive mudstone is interpreted to be the result of
weak traction currents and suspension fallout during waning overbank flood events.
Sandstone facies in sheets were deposited by wave-driven traction currents during
overbank flood events.  Fine-grained sandstone sheets are interpreted as deposits from
crevasse splay flood events.
Facies Association 3 (FA 3)
DESCRIPTION
Tabular and lenticular sandstone bodies occur throughout the majority of
measured sections and are composed of fine- to medium-grained sandstone.  Deposits
range from 0.5–3 m thick and are laterally extensive for 50–150 m (Figure 2-13). Width-
to-thickness ratios are typically >15 m for individual lenticular bodies.  Horizontal and
ripple cross-stratification occurs throughout sandstone bodies with less frequent
occurrences of trough cross-stratification.  Low-angle cross-stratification and epsilon
Figure 2-13.  Tabular and lenticular sandstone bodies of Facies Association 3 (channel)
interbedded with sandstone and mudstone deposits of Facies Association 2 (floodplain).
Sandstone bodies are laterally extensive for 50–150 meters  Lenticular sandstone bodies
exhibit <0.4 m of basal scour relief and exhibit width-to-thickness ratios >15 meters.
Individual sandstone bodies are 0.5–3 m thick and are bound by fine-grained sandstone
and mudstone floodplain deposits.  White arrow denotes location of road below a
2.5-m-thick sandstone body for scale.  
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cross bedding are rare.  Both tabular and lenticular sandstone bodies have sharp contacts
with underlying and overlying mudstone deposits of Facies Association 2.
Tabular sandstone bodies occur throughout the Potoco Formation and occur most
commonly in the fine-grained portion of each of the two upward coarsening successions
near the base and just above the upper middle portion of the Potoco (Figure 2-1).  These
sandstone bodies are typically <2 m thick and exhibit nonerosional basal contacts with
underlying deposits of laminated and aggregated mudstone and fine-grained sandstone of
Facies Association 2 (Figure 2-14). Tabular sandstone bodies are dominantly composed
of an individual sandstone sheet containing interbedded horizontal and ripple-cross-
stratified fine-grained sandstone (Figure 2-15).  Ripple cross-stratification is most
common near the middle and top of sandstone sheets.   Horizontal and trough cross-
stratified sandstone occurs near the base of sandstone sheets. Trough cross-stratification
is rare in tabular sandstone bodies.  Distorted sandstone beds are common near the base
of tabular and lenticular sandstone bodies (Figure 2-16).
Lenticular sandstone bodies occur near the middle and top of complete
stratigraphic sections and make up the upper portion of each of the two coarsening
upward successions in the Potoco Formation (Figure 2-1).  Lenticular sandstone bodies
are typically >2 m thick and are characterized by one basal scour surface that defines the
erosional contact between underlying deposits of laminated, massive, and aggregated
mudstone and the overlying sandstone body.  Suspended mudstone rip-up-clasts are
Figure 2-14.  Tabular sandstone bodies of Facies Association 3 (channel) interbedded
with mudstone deposits of Facies Association 2 (floodplain).  Individual sandstone
bodies are <2 meters thick and exhibit non-erosional basal scour surfaces.  Tabular
sandstone bodies typically consist of one sandstone sheet that is bound by fine-grained
floodplain deposits.  Tabular sandstone body in the center of figure is 0.75 meters thick.
Road in foreground for scale.
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Figure 2-15.  Vertical distribution of horizontal-cross-stratified (Sh) and ripple-cross-
stratified (Sr) fine-grained sandstone facies in a tabular sandstone body of Facies
Association 3 (channel).  Individual sandstone sheets exhibit horizontal cross-
stratification near the base and alternate successions of horizontal and ripple cross-
stratification, with ripple cross-stratification at the top of sandstone bodies.  Trough








Figure 2-16.  Distorted bedding near the base of a fine-grained, tabular sandstone body
of Facies Association 3 (channel).  Distorted bedding occurs frequently near the base of
tabular and lenticular sandstone bodies.  Rock hammer for scale (0.32 m long).
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 common in sandstone bodies and are located just above the basal erosional contact.  Two
similar yet distinct distributions of facies are observed in lenticular sandstone bodies and
include 1) sandstone bodies made up of one individual sandstone sheet and 2) sandstone
bodies consisting of sandstone sheets interbedded with thin mudstone drapes (Figure 2-
17).
Both sandstone bodies exhibit the same lenticular geometry, thickness, and single
basal erosional scour and are common throughout the succession at the same stratigraphic
levels (Figure 2-17).  The first sandstone body consists of one isolated sandstone sheet
characterized by horizontal, ripple, and trough cross-stratification and rare occurrences of
low-angle cross-stratification.  The second sandstone body is composed of a series of
sandstone sheets interbedded with thin mudstone deposits (Figure 2-17 and 2-18).
Individual sandstone sheets are typically 0.20–2 meters thick and characterized by
horizontal, ripple, and trough cross-stratification and bound by thin (<0.10 m) deposits of
laminated and massive mudstone (Figure 2-18).  Small-scale scour surfaces occur
throughout these sandstone bodies above basal scour surface and complete preservation
of individual sandstone sheets is rare (Figure 2-17 and 2-18).  The tops of sandstone
sheets within an individual sandstone body are commonly made up of ripple-cross-
stratified sandstone, typically characterized by straight-crested, undulatory, or lingoid
ripples that are draped by thin  <0.10-m-thick laminated and massive mudstone deposits
(Figure 2-19).  Low-angle cross-stratification is rare in tabular and lenticular sandstone
Figure 2-17.  Lenticular sandstone bodies of Facies Association 3 (channel) interbedded
with fine-grained sandstone and mudstone of Facies Association 2 (floodplain).  The
two sandstone bodies in this figure are ~2.0 m thick and exhibit two distinct vertical
facies successions.  The sandstone body in the left portion of the figure is characterized
by one basal erosional scour surface (black arrow) and contains repeated successions of
interbedded sandstone (0.15–0.5 m thick) and thin (<0.06 m thick) mudstone.  Multiple
scour surfaces (above the basal scour surface) occur throughout the sandstone body and
are denoted by white arrows.  The sandstone body in the right portion of the figure is
made up of one continuous succession of sandstone above the basal erosional scour
surface (black arrow).  Sandstone bodies are bound by fine-grained floodplain deposits.
Road in foreground for scale.
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Figure 2-18.  Vertical succession of sandstone and mudstone facies in an individual
lenticular sandstone body of Facies Association 3 (channel).  Sandstone sheets exhibit
horizontal cross-stratification near the base of sandstone bodies and ripple cross-
stratification near the top (trough cross-stratification commonly occurs near the base
and middle of sandstone sheets).  A scour surface (above the basal erosional surface)
can be traced from the upper left to the middle right portion of the figure (white
arrows).  Thin sheets of laminated and massive mudstone occur on the top of sandstone
sheets and scour surfaces throughout individual lenticular sandstone sheets.  Note base
and top of sandstone body are outside upper and lower bounds of figure.  Rock hammer












Figure 2-19.  Dip-face view (dipping into figure) of the top
of sandstone sheets that make up one individual lenticular
sandstone body of Facies Association 3 (channel).
Straight-crested, undulatory, and linguoid ripple structures
(white arrows) occur near the top of sandstone sheets.
Ripples are commonly draped by thin beds of laminated
and massive mudstone.  The black arrow on the right side




bodies.  Figure 2-20 contains a detailed 10-m-thick stratigraphic section of lenticular
sandstone bodies that comprise this facies association.
INTERPRETATION
Channel  Tabular and lenticular sandstone bodies of Facies Association 3 are
interpreted to be the result of rapid flood deposition in extensive unconfined and poorly
confined bedload-dominated fluvial channels.  The rare occurrences of low-angle cross-
stratification, and epsilon cross bedding compared with the abundance of horizontal and
ripple cross-stratification suggest that flow events were of high intensity and short lived
(Tunbridge, 1984).  The sediment transport in channels was accomplished primarily on a
small scale by the initial downstream migration of plane beds under bedload conditions
and subsequent lateral and downstream migration of 3-D dunes and ripple trains across
sandstone sheets.  Rare occurrences of low-angle cross-stratification and large-scale cross
bedding, in addition to rare occurrences of convex-up bar geometry in channel deposits,
suggest that lateral or downstream transport of sediment in bar macroforms was not a
preferred mechanism for sediment migration.  Individual flood events were characterized
by initial traction transport during peak flood conditions followed by 3-D dune migration,
and wave and current ripple migration during waning flood flow.  Interbedded horizontal
and ripple cross-stratified sandstone in sandstone sheets implies that flood events may























Figure 2-20.  Detailed 10-m-thick stratigraphic section of lenticular sandstone
bodies of Facies Association 3 (channel) interbedded with fine-grained sandstone
and mudstone deposits of Facies Association 2 (floodplain).  Lenticular sandstone
bodies commonly contain vertical successions of sandstone and mudstone and
are bound by fine-grained sandstone and mudstone of Facies Association 2
(floodplain).



























prior to flood termination.  Distorted bedding is attributed to dewatering of strata as a
result of rapid deposition on a saturated substrate (Postma, 1983).
The majority of tabular channel deposits are the result of a single unconfined
flood event in which flow was initially characterized by upper plane bed conditions and
sedimentary traction transport and followed by wave and current ripple migration during
waning flood flow.  Lenticular channel deposits are the result of flood events that scoured
underlying fine-grained floodplain deposits resulting in poorly confined channels.
Channel deposits characterized by one individual sandstone sheet are interpreted to
represent deposition during a single flood event characterized by one basal scour and fill
cycle during which sediment was transported via traction transport processes.  Lenticular
deposits that exhibit multiple sandstone sheets draped by mudstone deposits suggest that
after initial basal scour, in-channel deposition was characterized by subsequent scour and
fill cycles that occurred within the confines of the initial scoured channel ultimately
resulting in rare complete preservation of individual sandstone sheets within channel
sandstone bodies.  Mudstone drape deposits interbedded with tabular sheets within a
channel sandstone bodies imply that, in addition to reoccurring episodes of scour and fill
during peak flood conditions, there were multiple episodes of suspension fallout during
waning flood flow during the fill history of a single channel.
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SHEETFLOW-DOMINATED FLUVIAL MODEL
Thick fluvial successions of the Potoco Formation in the Corque syncline region
are interpreted to represent deposition during broad and laterally extensive sheetflow-
dominated fluvial processes.  Fluvial systems were characterized by short-lived, episodic
flood deposition in three separate environments that include 1) playa lakes, 2) overbank
floodplain regions, and 3) unconfined and poorly confined channels.  The sheetflow-
dominated fluvial pattern is partially defined by rapid deposition of sandstone sheets
under bedload condition during both single and multiple flood events within poorly
confined channels and unconfined sheets.  Periods of peak discharge in channels were
responsible for flooding in overbank floodplain environments (McKee et al., 1967;
Williams, 1970) and standing water in shallow playa lakes.  The periodic, "flashy" nature
of this system ultimately resulted in termination and infiltration of flow, and subsequent
evaporation and salt precipitation in playa lakes, and pedogenesis and vegetation in
floodplain regions.  Ephemeral flow in channels resulted in the suspension fallout of
mudstone over existing channel deposits (Williams, 1970; Picard and High, 1973).
Periods of channel "abandonment" resulted from loss of transmission in the fluvial
system and likely correspond to evaporation of playa lakes, and subsequent infiltration
and pedogenic alteration of the exposed floodplain material resulting from semi-arid to
arid climate conditions.
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The majority of channel fill deposits remained "in place" and maintained their
original tabular sheet geometry rather than undergoing reworking or significant
downstream and lateral transport by in channel bar complexes.  Similarly, channels in
this system were also stationary, remaining fixed at one location on the floodplain during
initial basal scour and subsequent scour and fill events rather than migrating laterally
across floodplain regions. Although sandstone sheets in lenticular channel sandbodies
exhibit a multistory stacking pattern at first glance, the fact that these sheets are bound by
mudstone drapes and are comprised primarily of horizontal, ripple, and trough cross-
stratification suggest that in-channel flow was not characterized by large-scale lateral
migration, but rather small-scale migration during ephemeral flood events.   Channel
relocation occurred only after the initial broad basal scour had been filled.  The static
nature of channels suggests that relocation to other areas of the floodplain must have
occurred primarily as a single and rapid avulsion event rather than by continuous long-
term lateral migration often accompanied by floodplain cannibalization.  This is most
evident in lenticular channel deposits characterized by a single flooding event where the
channels underwent rapid avulsion, rather than lateral migration, to an adjacent region of
the floodplain once the initial basal scour had been filled.  This rapid avulsing pattern of
channel relocation accompanied with the ephemeral flash-flood fluvial style may have
played an important role in the preservation of significant amounts of floodplain material
throughout sheetflow deposits of the Potoco Formation.
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DISCUSSION
Fluvial models proposed for sheetflow-dominated river systems consistently
associate deposition of predominantly horizontal and ripple cross-stratified sand sheets
with high-energy ephemeral flood events in poorly-confined channels.  Similarly,
sheetflow-dominated fluvial patterns are most affected by semi-arid to arid climate
conditions responsible for rapid and ephemeral discharge (Schumm, 1961; Mckee et al.,
1967; Rahn, 1967; Glennie, 1970; Williams, 1970, 1971) ultimately resulting in down-
stream transmission loss and infiltration, and final evaporation of the river system.  Some
of the best examples of the ephemeral nature of sheetflow-dominated rivers have been
documented in terminal fan deposits (Friend, 1978; Nichols, 1987; Kelly and Olsen,
1993).  A depositional model for the distributary zone of terminal fans, summarized by
Kelly and Olsen (1993), describes the downstream transmission loss of a fluvial system
from the proximal feeder channel and confined distributary channels to medial and distal
regions of the fan surface characterized by poorly-confined and unconfined sheetflood
channels and finally basin-margin mudstone and evaporite deposits (Figure 2-21).
Sheetflow deposits are typically confined to the medial and distal regions of terminal fans
and are dominantly characterized by extensive sandstone sheets and rare mudstone
deposits.  The distal regions of the fan, located along the basin marine represent the
maximum downstream extent of the fluvial system and are often characterized by fine-
















































































































































































































































































































































































































































































































































































































In the case of the Potoco Formation the distribution of facies and sheet geometry
of sandstone deposits are similar to existing facies models for sheetflow-dominated
fluvial systems.  The two coarsening upward trends observed in the Potoco succession
exhibit an upsection transition from fine-grained tabular sandstone bodies, mudstone, and
gypsum deposits to fine- to medium-grained lenticular sandstone bodies that are
interbedded with mudstone deposits (Figure 2-1).  These upsection trends in grain size,
lithology, and channel geometry are indicative of at least two fluvial progradations in
which fine-grained sandstone, mudstone, and evaporite deposits near the base of
successions represent the distal portion of the fluvial system that was unconfined and
undergoing transmission loss, evaporation, and ultimate termination.  Overlying deposits
consisting of interbedded mudstone and fine- to medium-grained lenticular sandstone
bodies represent a portion of the fluvial succession that was deposited in poorly-confined
channels prior to significant transmission loss.  Based on the lateral extent of the Potoco
Formation, together with upsection trends in grain-size, lithology, and channel geometry,
deposits are strikingly similar to sheetflood deposits described from the medial, distal,
and basinal regions of terminal fans.
One feature of Potoco sedimentology distinct from existing terminal fan and
sheetflow-dominated fluvial models is the occurrence of significant amounts of fine-
grained mudstone deposits throughout the succession.  Fine-grained floodplain deposits
are typically not included in facies models for sheetflow-dominated rivers due to the
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extensive nature of fluvial channels resulting in reworking of floodplain deposits and
ultimate transport downstream.  This is often documented in terminal fan deposits where
the proximal sheetflow deposits consist primarily of sandstone, and distal downstream
deposits are comprised dominantly of fine-grained mudstone (Figure 2-21).  The
sedimentology of the Potoco Formation suggest an extensive, poorly-confined and long-
term river system was responsible for rapidly depositing thick, fine-grained fluvial
successions during late Eocene–Oligocene time in the Central Andes.  Moreover, the
occurrence of significant amounts of fine-grained mudstone throughout these deposits
may imply that additional controls on fluvial style, in addition to arid climate conditions,
may have be influential in affecting fluvial patterns exhibited by the Potoco Formation.
Based on observations from the Potoco, diagnostic criteria for identifying
sheetflow-dominated fluvial style in the rock record begin with the recognition of thin
(<4-m-thick) tabular and lenticular sandstone bodies associated with non-erosional to
slightly erosional basal contacts.  Sandstone bodies are composed primarily of sandy
bedforms characterized dominantly by horizontal and ripple cross-stratification typical of
sand deposits in ephemeral sheetflow-dominated deposits (McKee et al., 1967; Williams,
1971; Frostick and Reid, 1977) and less frequent occurrences of trough and low-angle
cross-stratification.  Gypsum-bearing deposits and channel sandstone bodies are typically
bound by 5–10-m-thick laminated and aggregated mudstone deposits indicative of
deposition in a distinct floodplain environment that was preserved during sheetflow
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deposition.  Pedogenically altered mudstone, gypsum evaporite deposits, interbedded
mudstone drapes throughout channel sandstone bodies, and coarsening and thickening
upward trends throughout these deposits provide a basis for recognizing the ephemeral
nature of this sheetflow system.
The thin and extensive geometry of channel deposits of the Potoco most closely
resemble that of braided river systems, yet the distribution of facies, indicative of
deposition in fixed channels, suggest in-channel deposition occurred "in situ", isolated in
one region of the floodplain.  Channels remained stationary until completely filled by
either single or multiple flood events, at which point, channels avulsed to a more stable
region of the floodplain.  The avulsing pattern of channel relocation is reminiscent of
channel migration observed in confined anastomosing river channels, however the
geometry of channel deposits suggests channels were shallow, poorly-confined, and
laterally extensive.  Bar macroforms and epsilon cross bedding, diagnostic of lateral
channel migration in moderately- to well-confined meandering river facies models, are
scarce in these deposits.  Similarly, the pervasive occurrence of horizontal and ripple-
cross-stratified sandstone, together with rare occurrences of epsilon cross-bedding, are
further indicative of the isolated nature of channels throughout these deposits ultimately
suggesting that the complete fluvial succession appears to be clearly distinct from
meandering, braided, and anastamosing depositional models.  Given the overall thickness
and extent of the Potoco Formation, coupled with fluvial characteristics that distinguish
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these deposits from more classic fluvial models and existing models for sheetflow-
dominated rivers, it is worth reexamining the controls that may have influenced this
alternative sheetflow-dominated fluvial style in the central Andes during mid-Tertiary
time.
Controls on Fluvial Style
The late Eocene–Oligocene filling of the Altiplano Basin remains the most active
and sustained period of rapid sediment accumulation since initial Andean orogenesis.  In
the case of the Potoco Formation and overlying deposits, the sheetflow-dominated fluvial
style was responsible for depositing up to ~7000 m of sediment in the thickest section of
the basin resulting in a long-term sediment accumulation rate of ~0.5mm/my.  This value
represents a minimum accumulation rate using a maximum time period of ~14 million
years during late Eocene–Oligocene time and does not take into account corrections for
compaction.  This minimum rate for sediment accumulation falls near the upper limit of
documented sediment accumulation rates over million-year timeframes reported for
foreland basins (Jordan, 1995; Brozovic and Burbank, 2000).
Also unique to the filling history of the Altiplano Basin is the regional extent of
sheetflow-dominated fluvial style throughout the region during mid-Tertiary time.  Both
east and west directed late Eocene–Oligocene age deposits within the Corque syncline
structure have continuous exposure from north to south of a distance ~70 km in length
(Figure 2-1).  Tentative correlation of the Potoco Formation in the east limb of the
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syncline with the east-directed coarse-grained nonmarine deposits in the west limb show
a minimum distance of ~35 km after planispastic restoration (Horton et al., 2001)
resulting in a minimum estimate derived from continuous aerial exposure of east and
west directed deposits of >103 km2.
Finally, the Potoco deposits display two distinct coarsening and thickening
upward trends accompanied by increased thickness and lenticularity of channel deposits
upsection in both successions in the Potoco.  The thickness and extensive occurrence of
the Potoco Formation together with the homogeneity of these deposits exhibited
throughout the entire succession suggests that conditions controlling sheetflow-
dominated fluvial style were regional and pervasive in this region of the central Andes
during the late Eocene–Oligocene filling of the Altiplano Basin.
CLIMATE
A significant amount of preserved fine-grained floodplain material is diagnostic
of sheetflow-dominated deposits of the Potoco Formation.  Aggregated textures and
occurrences of root traces suggest that these deposits were subaerially exposed and
underwent initial stages of pedogenic alteration (Bown and Kraus, 1987).  Although these
aggregated textures are indicative of very weakly developed paleosols  (Retallack, 1988),
their frequent occurrence throughout measured sections suggests an ephemeral fluvial
style indicative of dry climatic conditions.  Episodic alluvial sedimentation is a common
feature in regions characterized by semi-arid climatic conditions where sporadic rainfall
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combined with sparse vegetation leads to rapid runoff and sediment accumulation
(Schumm, 1968).  Arid conditions and rapid sedimentation have been proposed for
similar deposits in ancient fluvial systems (Trewin, 1993; Cowan, 1993; Glennie, 1970;
George and Berry, 1993).  Rapid, high intensity depositional events are commonly
associated with upper plane bed deposition during peak flow and ripple migration during
waning flow (Tunbridge, 1984).  Short-lived ephemeral flood events resulted from
sporadic precipitation and are responsible for the rapid deposition of horizontal and
ripple- cross-stratified sandstone sheets, yet often prohibited the formation and ultimate
long-term migration of sediment within channel bars.  Arid to semi-arid climate
conditions in the Altiplano basin during late Eocene–Oligocene time may have been
influential in controlling transmission loss, infiltration, and evaporation of ancient rivers.
TECTONICS
Significant amounts of fine-grained floodplain material are typically not
incorporated into facies models for extensive sheetflow rivers and braided streams
primarily due to the absence of these deposits in modern analogs (Moody-Stuart, 1966;
Cant and Walker, 1976; Miall, 1977; Walker and Cant, 1984).  Similarly, sheetflow-
dominated deposits are not typically associated with preserved floodplain deposits due to
their lateral extent enabling them to rework a large portion of the floodplain region
(McKey et al., 1967; Miall, 1977, 1978, 1985; Miall and Gibling, 1978;).  However, a
growing number of ancient deposits characteristic of braided systems have presented
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significant amounts of preserved floodplain deposits associated with coarse-grained
channel fill (Desloges and Church, 1987; Mack and Seager, 1990; Bentham et al., 1993).
One proposed explanation for floodplain preservation is sediment accumulation
accompanied by rapid rates of regional basin subsidence over extended periods of time
(Bentham et al., 1993).  Deposition during rapid subsidence requires that active channels
must "vertically aggrade" to keep up with basin subsidence, resulting in the isolation of
the channel within the floodplain and inability for significant channel migration (Kraus
and Middleton, 1987; Schuster and Steidtmann, 1987).  Similarly, tabular sandstone
sheets in sheetflow-dominated systems may also be diagnostic of high subsidence rates
(Friend, 1978) prohibiting significant basal scour of underlying deposits.  As a result,
relocation of channels under these conditions will likely occur by avulsion events as
opposed to continuous lateral migration (Bentham et al., 1993).
Although there is significant debate regarding the tectonic mechanisms active in
the central Andes during mid-Tertiary time, it is evident that regions adjacent to the
Altiplano basin supplied a minimum of up to ~7000 meters of detrital material to the
basin throughout late Eocene–Oligocene time.  The thickness, lateral extent, and
sediment accumulation rates associated with the Potoco Formation suggest that sediment
accumulated rapidly in the Altiplano basin and tectonic mechanisms controlling the
subsidence, regional accomodation of sediment, and ultimately basin formation occurred
rapidly over an extensive region in the central Andes.  The unique sheetflow-dominated
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fluvial model exhibited by the Potoco Formation is fundamentally distinct from existing
sheetflow-dominated facies models that are driven by purely arid climate conditions
suggesting that, in addition to arid climate conditions, the thickness, lateral extent, and
distribution of facies in these deposits may have also been influenced by rapid subsidence
in this region during mid-Tertiary orogenesis.
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CHAPTER 3: PROVENANCE AND TECTONIC IMPLICATIONS
INTRODUCTION
The dynamic relationship between the fold-thrust belt and adjacent foreland basin
can be observed in most modern contractional orogenic belts.  Crustal shortening and
thickening associated with compression in a foreland fold-thrust belt is often the primary
cause of subsidence in the adjacent foreland basin and is responsible, together with
isostatic subsidence, for controlling the topography of the foreland region (Jordan, 1981).
The foreland basin contains the eroded sedimentary remnants of the adjacent fold-thrust
belt, ultimately recording the uplift and erosional history of the orogenic belt.  Often, in
studies involving ancient sedimentary deposits, the sedimentologic and provenance trends
and regional extent exhibited by the exposed remnant of the foreland basin are the only
data available for reconstructing the depositional history of the basin, location of adjacent
source areas, and tectonic mechanisms active in the region.  An additional barrier to
completely understanding the tectonic and stratigraphic evolution of ancient basins in
orogenic belts is the fact that compressional tectonic activity in a belt may commonly be
accompanied by episodes of extension and transtension that may be localized in regions
throughout a mountain range and actively influencing basin formation.  Similarly,
alternate mechanisms, other than tectonic processes, may also play a role in basin
formation during orogenesis, most notably, crustal thinning and sagging related to
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isolated and significant heat flow in the crust, ultimately resulting in subsidence by
thermal contraction.
  Extension and normal faulting in contractional orogenic belts most commonly
occur in the high ranges of the belt where the maximum amount of gravitational potential
energy is stored in the thickest and highest columns of mass.  During periods of crustal
shortening in the low flanks of the range, a mountain belt can experience "extensional
collapse" in high regions resulting from the downward force of gravity and subsequent
failure of the mountain belt to support its own weight (Molnar and Helene Lyone-Caen,
1988).  Occurrences of extensional collapse, normal faulting, and extensional basins are
common in many major mountain belts and have been documented in the orogenic
interiors of the North American Cordillera  (Coney and Harms, 1984; Vandervoort and
Schmitt, 1990), the Himalayan-Tibetan orogen (Molnar and Tapponnier, 1978; Armijo et
al., 1986; Burchfiel et al., 1992; Harrison et al., 1992; Molnar et al., 1993; Yin, 1994;
Coleman and Hodges, 1995), and Peruvian Andes (Dalmayrac and Molnar, 1981; Sebrier
and Soler, 1991; Mercier et al., 1992).  Extension throughout these orogenic belts was
ultimately driven by crustal shortening and thickening during periods of contraction and
normal to oblique plate convergence.
Transtension, strike-slip partitioning, and subsequent elongate pull-apart basins
and strike-slip "flower" structures also occur in contractional orogenic belts and form
during periods of crustal shortening and normal to oblique convergence.  Strike-slip
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components and pull-apart basins are most commonly formed in orogenic belts by basal
shear caused by oblique subduction of the down-going plate in convergent plate settings.
Some of the best examples of strike-slip faulting and pull-apart basins have been
documented in the Himalayas along the Altyn Tagh Fault and Karakorum-Jiali fault zone
(Armijo et al., 1989; McCaffrey and Nabelek, 1998) and the Cordillera Blanca in the
Peruvian Andes (McNulty et al., 1998).
Sedimentary basins in contractional orogenic belts may also be formed primarily
by thermal mechanisms in regions of the mountain range where continental lithosphere
has undergone rapid stretching and thinning resulting in the upwelling of hot
asthenosphere.  Subsidence and basin formation may result from a combination of
tectonic mechanisms including minor block faulting during rapid crustal thinning and by
thickening of the lithosphere by heat conduction to the surface of the crust (Watts and
Ryan, 1976; McKenzie, 1978).  The formation of a basin by thermal mechanisms is
directly dependent on the amount of crustal thinning and subsequent heat flow occurring
throughout the orogenic belt.  Regions adjacent to thermal basins typically exhibit little to
no deformation.  The most common proposed examples of basins formed by thermal
mechanism are oceanic basins of the North Sea (Sleep, 1971; Sleep and Snell, 1976) and
the Michigan Basin (Haxby et al., 1976).
Ancient basin deposits are often poorly exposed in orogenic belts due to faulting,
uplift, erosion, and magmatic and volcanic overprinting, all of which may occur during or
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subsequent to basin development.  Similarly, topographically elevated regions that
originally served as sediment source areas adjacent to sedimentary basins are rarely
preserved due to erosion and magmatic overprinting.  As a result, a comprehensive study
of an incomplete stratigraphic succession of ancient sedimentary basin deposits can only
result in a partial history of basin fill and an incomplete understanding of the mechanisms
for basin formation.  However, complete preserved stratigraphic successions of
sedimentary basin deposits that are well exposed facilitate analyses of depositional
systems, sediment dispersal patterns, basin fill composition, and sediment accumulation
rates since initiation of basin formation.  These data collected from complete successions
in sedimentary basins are necessary for reconstructing the history of basin fill and
ultimately exploring the associated mechanisms for basin formation.
The Potoco Formation in the Corque syncline region is located in the hinterland
of the Andean orogenic belt and makes up one of the thickest exposed remnants of the
mid-Tertiary Altiplano basin in the central Andes.  Deposits of the Potoco are up to
~6500 m thick and represent the first significant pulse of rapid nonmarine sediment
accumulation in the Altiplano basin during mid-Tertiary time.  The Corque syncline
region contains one of the most complete and continuous sections of mid-Tertiary age
strata in the central Andes and the Potoco succession is considered to represent the
continuous record of late Eocene–Oligocene Altiplano basin fill.
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Although the Tertiary is considered to represent a primarily compressional phase
orogenesis throughout the central Andes, the sedimentary filling history of the Altiplano
basin and regional tectonic mechanisms active in the Corque syncline region during mid-
Tertiary time have remained unclear.  Difficulty in assessing the mid-Tertiary progression
of deformation and patterns of basin fill in this region have resulted from 1) a lack
detailed sedimentologic and provenance data from the thickest portions of the basin, 2)
the emplacement of Neogene age volcanic rocks along the western margin of the
Altiplano masking the western portions of the basin and potential basin margin structures,
and 3) thrust fault deformation and erosion along the eastern margin of the basin.  Due to
the overprinting of possible tectonic structures adjacent to the basin, a complete
understanding of the location of elevated source areas, depositional history of the basin,
and tectonic processes active in the Corque syncline region during mid-Tertiary time
relies primarily in placing constraints on the detailed sedimentology, regional extent,
paleocurrent trends, and composition of the Potoco Formation.
The purpose of this study is to present new provenance data, including
paleocurrent measurements and modal framework grain composition from the basal
~7000 meters of the Altiplano basin (Potoco Formation and overlying deposits), and use
these data, together with the sedimentologic trends and determined regional extent of
these deposits (outlined in Chapter 2 of this text) to test the viability of one tectonic
model proposed for the Altiplano basin.  By using constraints on sediment dispersal
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patterns and sandstone composition from the thickest portion of the Altiplano basin,
together with the determined detailed sedimentology and two-dimensional geometry of
the basin, quantitative basin modeling may be used to test the viability of tectonic
mechanisms proposed for basin formation, and ultimately may provide a first-order
reconstruction of the location of adjacent source regions and progression of basin
formation during late Eocene–Oligocene time.
PROVENANCE
 Provenance studies carried out in this project on the basal ~7000 meters of the
Altiplano basin were concentrated on constraining the sediment dispersal patterns from
measured paleocurrent indicators throughout the succession, in addition to determining
the modal framework grain composition from sandstone point counts of the Potoco and
overlying deposits.  Paleocurrent indicators were measured from the base to near the top
of the succession at four of the five project study locations (Andamarca, Corque,
Chuquichambi, and Corocoro) in the Corque syncline region (Figure 3-1).  Sandstone
samples were collected throughout the majority of the succession and provenance trends
are presented for the two complete sections of the Potoco and overlying deposits at the
Chuquichambi and Corque project study locations.
Paleocurrent Determinations
Paleocurrent data collected throughout the succession include 2400 paleocurrent
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ripple marks at the Andamarca, Corque, Chuquichambi and Corocoro project study
locations (Figure 3-1 and 3-2).  Uni-directional paleocurrent indicators are based on
measured trough limbs from trough cross-stratified sandstone (method I of DeCelles et
al., 1983).  Primary current lineations and symmetric ripple marks were also measured at
each location and provide linear bi-directional paleocurrent indications that can be used
with uni-directional indicators to further constrain paleoflow.  All paleoflow directions
determined from measurements were stereographically corrected to account for the
tectonic tilt of inclined beds.
EAST-DIRECTED PALEOFLOW
Paleocurrent measurements from the basal 2000 meters of the Potoco Formation
at the Andamarca, Corque, and Corocoro locations, and basal 4190 meters at the
Chuquichambi location indicate sediment transport from west to east (Figure 3-1).
Measurements exhibit ENE paleoflow indicators in the Chuquichambi and Andamarca
locations, and ESE paleoflow indicators in the Corque and Corocoro locations (Figure 3-
1 and 3-2).  Overall, paleocurrent indicators suggest that up to 4190 meters of the basal
portion of the Potoco Formation was east-directed.
Although the entire Potoco Formation has been previously interpreted to have
been derived from the east (Kennan et al., 1995; Lamb and Hoke, 1997; Lamb et al.,
1997), supporting paleocurrent data and detailed facies analyses of the Potoco were not
































































































Figure 3-2.  General map showing a summary of paleoflow directions for the
basal ~7000 meters of the Altiplano basin determined from paleocurrent
measurement of trough cross-stratification from four of the five measured
stratigraphic sections in the Corque syncline region.  Note ~180 reversal in
paleocurrent direction in the Potoco from the basal portion of east-directed strata
to overlying west-directed strata.  Shaded geology represent extent of exposed late
Eocene–Oligocene nonmarine sedimentary rocks in the study area.
(Qal = Quaternary alluvium; M–PLv = Miocene–Pliocene volcanic rocks;
M–PLsv = Miocene–Pliocene sedimentary and volcanic rocks;
K–Os = Cretaceous–Oligocene sedimentary rocks).
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the Corque syncline region indicating west to east paleoflow coincide with paleocurrent
trends reported from regions north and south of the study area that consistently indicate
sediment transport from west to east in Potoco-equivalent deposits that comprise the
northern and southern extent of the Altiplano basin in Bolivia (Horton et al., 2001).
Paleoflow trends from coarse-grained sandstone and conglomerate deposits exposed
along the west limb of the Corque syncline (west of the project study area) also exhibit
east-directed paleocurrent indicators (Horton et al., 2001), and may potentially represent
the east-directed, coarse-grained equivalent of the Potoco Formation in the east limb of
the syncline.
WEST-DIRECTED PALEOFLOW
Strata overlying the basal 4190 meters of east-directed Potoco that make up the
remaining portion of the basal ~7000 meters of the Altiplano basin in the Chuquichambi
and Corque locations exhibit a nearly 180˚ reversal in paleocurrent direction indicating
paleoflow from east to west (Figure 3-1 and 3-2).  Measurements exhibit almost true
west-directed paleoflow indicators in the Corque location and WSW paleoflow indicators
in the Chuquichambi location (Figure 3-1 and 3-2), indicating that the upper portion of
the Potoco Formation and overlying deposits were derived from an adjacent region
located east of the Corque syncline region during the final stages of Oligocene basin fill.
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Sandstone Petrography
Petrographic analyses were conducted on 41 sandstone samples collected from the
basal ~7000 meters of the Altiplano basin along measured sections at the Chuquichambi
and Corque locations.  A total of 400 sand grains from each sample were point counted in
thin section using the Gazzi-Dickinson point-count method (Ingersoll et al., 1984).  The
Gazzi-Dickinson method specifies that monomineralic crystals and grains of sand size
occurring within larger rock fragments be classified in the category of the appropriate
crystal or grain, rather than the category of the larger rock fragment.  This ensures
accurate representation of the modal composition so that data are independent of grain
breakage (Ingersoll et al., 1984).
Thin sections were prepared from fine- to medium-grained sandstone samples and
stained for potassium feldspar and calcium plagioclase.  Grain parameters, summarized in
Table 1, include monocrystalline quartz (Qm), polycrystalline quartz (Qp), plagioclase
feldspar (P), potassium feldspar (K), volcanic rock fragments (Lv), metamorphic rock
fragments (Lm), sedimentary rock fragments (Ls), mica and dense minerals (M), and
additional accessory minerals (A).  Dense minerals consisted of tourmaline and zircon
and additional accessory mineral include pyroxene and hornblende.  Table 2 lists raw
point-count parameters from the basal ~7000 meters of the Altiplano basin at the
Chuquichambi and Corque locations.  Recalculated point-count data are summarized in





Lv Volcanic rock fragments
Lm Metamorphic rock fragments (metasedimentary and chert)
Ls Sedimentary rock fragments (sandstone)
M Mica; dense mineral (zircon and tourmaline)
A Additional accessory mineral (pyroxene)
Q = Qm + Qp
F = P + K
L = Lv +Lm + Ls
Table 3-1.  Raw and recalculated point-count parameters.
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LOCATION Qm Qp P
Chuquichambi
K Lv Lm Ls M A
Table 3-2.  Raw point-count data from the basal ~7000 meters of the Altiplano
basin at the Chuquichambi and Corque locations. 
Corque
n
SS-5 344 0 15 11 0 21 9 0 0
TP425 329 10 15 22 0 11 0 13 0
SS-8 334 10 7 6 0 31 12 0 0
SS-9 329 21 7 6 4 32 1 0 0
SS-12 307 30 9 9 0 36 0 9 0
SS-13 318 18 8 10 0 43 2 1 0
SS-16 321 21 12 10 3 33 0 0 0
SS-19b 297 24 11 12 0 56 0 0 0
SS-19 312 42 8 7 0 31 0 0 0
SS-21 284 36 33 24 6 12 5 0 0
SS22B 325 0 20 13 0 2 0 40 0
SS-22M 212 25 30 26 7 32 3 43 22
SS-22NT 184 36 34 32 54 3 13 1 43
SS-3870.EO 292 42 28 16 0 18 0 2 2
SS-23 297 26 16 26 6 26 0 2 1
SS-25 286 37 12 40 0 21 0 3 1
SS-29 215 91 17 28 0 40 0 9 0
SS-30 254 53 1 29 0 61 0 2 0
SS-31A 212 48 41 53 3 7 36 0 0
SS-33 293 25 17 38 0 26 0 0 1
SS-35 285 46 9 18 0 40 0 2 0
SS-36 321 26 5 17 0 31 0 0 0
PT001 337 10 10 26 0 16 0 1 0
PT002 347 6 4 21 0 17 3 0 2
PT003 332 4 4 23 0 31 3 1 2
PT004 339 5 6 31 0 16 3 0 0
PT005 345 10 3 29 0 12 1 0 0
PT006 349 13 5 19 0 14 0 0 0
PT007 341 11 4 16 0 23 4 0 1
PT008 347 15 1 11 0 21 5 0 0
PT009 314 10 16 38 0 17 4 1 0
PT0010 337 9 8 27 0 16 2 0 1
PT0011 352 7 4 12 0 21 3 0 1
PT0012 329 10 10 19 0 29 2 1 0
PT0013 302 11 10 30 0 39 2 6 0
PT0014 310 15 9 32 0 34 0 0 0
PT0015 285 7 17 44 0 36 2 9 0
PT0016.5 303 11 29 40 3 9 5 0 0
PT0017 297 19 41 29 6 7 0 1 0
PT0018 220 8 70 81 5 7 0 8 1














































SS-5 0.86 0.06 0.08 0.93 0.04 0.03 0.00 0.00 1.00 0.00 0.70 0.30
TP425 0.87 0.10 0.03 0.90 0.04 0.06 1.00 0.00 0.00 0.00 1.00 0.00
SS-8 0.86 0.03 0.11 0.96 0.02 0.02 0.45 0.00 0.55 0.00 0.72 0.28
SS-9 0.87 0.03 0.10 0.96 0.02 0.02 0.81 0.15 0.04 0.11 0.86 0.03
SS-12 0.85 0.05 0.10 0.94 0.03 0.03 1.00 0.00 0.00 0.00 1.00 0.00
SS-13 0.83 0.05 0.12 0.95 0.02 0.03 0.90 0.00 0.10 0.00 0.96 0.04
SS-16 0.85 0.06 0.09 0.94 0.03 0.03 0.88 0.12 0.00 0.08 0.92 0.00
SS-19b 0.79 0.06 0.15 0.93 0.03 0.04 1.00 0.00 0.00 0.00 1.00 0.00
SS-19 0.87 0.04 0.09 0.95 0.03 0.02 1.00 0.00 0.00 0.00 1.00 0.00
SS-21 0.78 0.16 0.06 0.83 0.10 0.07 0.77 0.13 0.10 0.26 0.52 0.22
0.90 0.09 0.01 0.91 0.05 0.04 0.00 0.00 0.00 0.00 1.00 0.00
SS-22M 0.68 0.18 0.14 0.79 0.11 0.10 0.71 0.20 0.09 0.17 0.76 0.07
SS-22NT 0.58 0.20 0.22 0.73 0.14 0.13 0.35 0.52 0.13 0.77 0.04 0.19
SS-3870.EO 0.82 0.13 0.05 0.87 0.08 0.05 1.00 0.00 0.00 0.00 1.00 0.00
SS-23 0.80 0.11 0.09 0.87 0.05 0.08 0.81 0.19 0.00 0.19 0.81 0.00
SS-25 0.80 0.14 0.06 0.85 0.03 0.12 1.00 0.00 0.00 0.00 1.00 0.00
SS-29 0.72 0.15 0.13 0.83 0.06 0.11 1.00 0.00 0.00 0.00 1.00 0.00
SS-30 0.74 0.08 0.18 0.89 0.01 0.10 1.00 0.00 0.00 0.00 1.00 0.00
SS-31A 0.60 0.27 0.13 0.69 0.14 0.17 0.56 0.03 0.41 0.07 0.15 0.78
SS-33 0.81 0.12 0.07 0.84 0.05 0.11 1.00 0.00 0.00 0.00 1.00 0.00
SS-35 0.81 0.08 0.91 0.03 0.06 1.00 0.00 0.00 0.00 1.00 0.00
SS-36 0.86 0.06 0.08 0.94 0.01 0.05 1.00 0.00 0.00 0.00 1.00 0.00
PT001 0.87 0.09 0.04 0.90 0.03 0.07 1.00 0.00 0.00 0.00 1.00 0.00
PT002 0.89 0.06 0.05 0.93 0.01 0.06 0.67 0.00 0.33 0.00 0.85 0.15
PT003 0.84 0.07 0.09 0.93 0.01 0.06 0.57 0.00 0.43 0.00 0.91 0.09
PT004 0.86 0.09 0.05 0.90 0.02 0.08 0.63 0.00 0.37 0.00 0.84 0.16
PT005 0.89 0.08 0.03 0.91 0.01 0.08 0.91 0.00 0.09 0.00 0.92 0.08
PT006 0.90 0.06 0.04 0.94 0.01 0.05 1.00 0.00 0.00 0.00 1.00 0.00
PT007 0.88 0.05 0.07 0.95 0.01 0.04 0.73 0.00 0.27 0.00 0.85 0.15
PT008 0.90 0.03 0.07 0.96 0.01 0.03 0.75 0.00 0.25 0.00 0.81 0.19
PT009 0.81 0.14 0.05 0.85 0.05 0.10 0.71 0.00 0.29 0.00 0.81 0.19
PT0010 0.86 0.09 0.05 0.90 0.03 0.07 0.82 0.00 0.18 0.00 0.89 0.11
PT0011 0.90 0.04 0.06 0.96 0.01 0.03 0.70 0.00 0.30 0.00 0.87 0.13
PT0012 0.85 0.07 0.08 0.92 0.03 0.05 0.83 0.00 0.17 0.00 0.94 0.06
PT0013 0.79 0.10 0.11 0.88 0.03 0.09 0.85 0.00 0.15 0.00 0.95 0.05
PT0014 0.81 0.10 0.09 0.88 0.03 0.09 1.00 0.00 0.00 0.00 1.00 0.00
PT0015 0.74 0.16 0.10 0.82 0.05 0.13 0.78 0.00 0.22 0.00 0.95 0.05
PT0016.5 0.78 0.18 0.04 0.81 0.08 0.11 0.58 0.16 0.26 0.18 0.53 0.29
PT0017 0.78 0.18 0.04 0.81 0.11 0.08 0.76 0.24 0.00 0.46 0.54 0.00
PT0018 0.58 0.39 0.03 0.59 0.19 0.22 0.93 0.07 0.00 0.42 0.58 0.00
PT0019 0.87 0.06 0.07 0.93 0.03 0.04 1.00 0.00 0.00 0.00 1.00 0.00
Q F L Qm F L Qm P K Qp Lv Ls Lv Lm Ls
0.11
SS-22B
Table 3-3. Recalculated point-count data from the basal ~7000 meters of the Altiplano
basin at the Chuquichambi and Corque locations.   
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and east-derived portions of the basal ~7000 meters of the Altiplano basin determined
from the Chuquichambi and Corque locations.
WEST-DERIVED POTOCO FORMATION (EAST-DIRECTED)
Sandstone composition trends from the basal 4190 meters of the Potoco suggest
that total quartz, consisting of primarily monocrystalline quartz, constitutes greater than
77 percent of grains counted (Figure 3-3).  Figure 3-4 provides the upsection trend in
total quartz, feldspar and lithic fragments from the basal 4190 meters of east-directed
strata in the Altiplano basin. The percentage of polycrystalline quartz increases up
section.  Potassium feldspar and plagioclase increase up section with the highest
percentages of plagioclase occurring just below the top of east-directed Potoco strata (at
~3600 meter level). Metamorphic lithic fragments occur throughout these rocks (Figure
3-3) and increase upsection.  Metamorphic grains are characterized primarily by fine-
grained phyllosilicate-rich metamorphic fragments (phyllite grains) throughout the
succession and rare occurrences of fine- to medium-grained granite and gneiss fragments
near the top of succession.  The majority of lithic metamorphic grains occur in the basal
~3000 meters of the succession.  Sedimentary lithic fragments are rare and consist of
impure chert and sandstone fragments.  In the Chuquichambi location, volcanic
fragments occur conspicuously just below the top of east-directed strata.  This increase in
volcanic fragments occurs in conjunction with elevated plagioclase content and grains of














Figure 3-3.  Ternary diagrams showing modal framework grain composition of the basal
2000 meters (Corque) and 4190 meters (Chuquichambi) of the east-directed portion of
the Potoco Formation.  Note the upsection transition from sandstone containing
dominantly quartz grains near the base of the formation to increased feldspar and lithic
volcanic grains near the top of the succession (each stratigraphic interval contains
increased amounts of feldspar and volcanic material upsection).  Polycrystaline quartz
grains increase in occurrence upsection.  The majority of lithic fragments in the basal
3000 meters are metamorphic material.  Occurrence of lithic volcanic fragments in the
basal 3000 meters are rare, however there is a distinct increase in volcanic material in



















Figure 3-4.  Ternary diagrams summarizing the modal framework-grain composition,
sandstone classification, and provenance field plots of the basal 4190 meters of east-
directed strata in the Altiplano basin.  The black arrow denotes the upsection
compositional trend throughout the succession. The basal 3000 m of the succession is
composed of subarenite and sublitharenite sandstone.  The remainder of the succession
is primarily sublitharenite and lithic arkose sandstone (Quartzarenite (QA), sublitharenite
(SL), litharenite (L), feldspathic litharenite (FL), subarkose (SA), lithic subarkose (LS),
arkose (A), and lithic arkose (LA) sandstone).  Sandstone compositional data indicate
that the western source area was composed primarily of continental block-basement, and
recycled orogen material.  Increased amounts of feldspar and lithic volcanic grains in the
upper 1190 m of the succession may represent the introduction of a magmatic arc to the
source area.  Recycled orogen, magmatic arc, continental block-basement uplift, and




















meters of the succession.  Significant amounts of biotite grains also occur near this
stratigraphic interval.  Rare tourmaline and zircons occur throughout the lower Potoco
Formation.
Based on percentages of total quartz, feldspar, and lithic fragments determined
from grain counts, sandstone in the lower Potoco is classified primarily as subarkose-
lithic subarkose to sublitharenite (Figure 3-3 and 3-4).  The basal 3000 meters of the
succession is made up of subarenite and sublitharenite sandstone.  The remaining 1190
meters is composed primarily of as sublitharenite and lithic arkose sandstone (Figure 3-
4).
Sediment dispersal patterns and sandstone compositions for the basal 4190 meters
of the Altiplano basin suggest that a sediment source area existed to the west and shed
sediment eastward during late Eocene–Oligocene time.  Sandstone composition data
plotted on provenance fields (Dickenson et al., 1983) indicate that the source region was
composed primarily of continental block-basement and recycled sedimentary orogen
material (Figure 3-4).  The occurrence of fine-grained phyllosilicate-rich lithic fragments,
polycrystalline quartz, and lithic sedimentary fragments in these deposits suggest
metasedimentary rocks, quartzites, and sedimentary rocks in the source area.  Exposed
Precambrian gneiss and granite west of the study area may explain the presence of
potassium feldspar and its increased occurrence upsection.  Tourmaline and zircon grains
also may have been derived from these basement sources.  Increased amounts of both
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plagioclase and lithic volcanic fragments near the top of the lower Potoco Formation
suggest an increase in volcanic source material in areas to the west.  High percentages of
biotite could be derived from either Precambrian basement rocks or active volcanic
sources.
EAST-DERIVED POTOCO FORMATION (WEST-DIRECTED)
Sandstone compositional trends from the remainder of the overlying west-directed
portion of the Potoco and overlying strata indicate that total quartz, dominated primarily
by monocrystalline quartz, constitutes greater than 77 percent of grains counted (Figure
3-5).  Figure 3-6 provides an upsection trend in total quartz, feldspar, and lithic
fragments for the west-directed portion of the Altiplano basin.  Polycrystalline quartz is
present throughout these deposits (Figure 3-5) and is more abundant than in the east-
directed portion of the Potoco.  Potassium feldspar and plagioclase initially increase, then
decrease upsection.  Stratigraphic intervals in both the Chuquichambi and Corque
locations exhibit higher percentages of plagioclase in younger west-directed strata.  These
same intervals also contain higher percentages of potassium feldspar.  Volcanic
fragments are rare (Figure 3-5) but typically occur in conjunction with higher plagioclase
content in the upper portion of the succession.  Phyllitic to schistose metamorphic
fragments are the most common lithic fragments (Figure 3-5).  Rare sedimentary














Figure 3-5.  Ternary diagrams summarizing modal framework grain composition of the
west-directed portion of overlying deposits in the basal ~7000 meters of the Altiplano
basin from the Corque and Chuquichambi locations .  Overall, there is a similar
distribution of quartz, feldspar and lithic fragments at sample locations throughout the
succession to trends in east-directed, with the exception of two sample locations that
contain increased amounts of feldspar and lithic grains.  The majority of lithic
fragments are metamorphic grains.  The occurrence of lithic volcanic fragments is
predominantly isolated in the lower portion of the succession (3000–3999 m).  Refer to



































Figure 3-6.  Ternary diagrams summarizing the modal framework grain composition,
sandstone classification, and provenance field plots of the upper portion of west-directed
strata in the Altiplano basin.  The black arrow follows the upsection compositional trend
throughout the succession.  The upper portion of the succession is composed primarily of
subarenite and sublitharenite sandstone with the exception of arkose and lithic arkose
sandstone at two sample locations in the lower (3000–3999 m) and upper (5000–6897 m)
portion of the succession (Quartzarenite (QA), sublitharenite (SL), litharenite (L),
feldspathic litharenite (FL), subarkose (SA), lithic subarkose (LS), arkose (A), and lithic
arkose (LA) sandstone).  Compositional data indicate that the eastern source area was
composed primarily of recycled orogenic and and minor continental block-basement
material.  The composition of isolated samples indicative of continental block-basement
uplift and mixed source areas are likely the result of a short-lived change in source area
composition followed by a return to recycled orogen source material.  Recycled orogen,
magmatic arc, continental block-basement uplift, and mixed provenance fields from




Percentages of total quartz, feldspar, and lithic fragments determined from grain
counts from sandstone in the west-directed portion of the Potoco and overlying deposits
are classified primarily as subarenite and sublitharenite sandstone (Figure 3-5 and 3-6).
The upper portion of the succession is composed primarily of subarenite and
sublitharenite sandstone with the exception of arkose and lithic arkose sandstone
exhibited by two samples collected near the top of succession (Figure 3-6).
West-directed paleocurrent data and sandstone compositions of the upper portion
of the basal ~7000 meters of the Altiplano basin suggest source areas to the east during
Oligocene time.  The majority of west-directed strata plot within the recycled orogen
provenance field with the exception of three samples that plot in continental block field
(Figure 3-6).  Sedimentary fragments, fine-grained mica-rich lithic fragments, and
polycrystalline quartz implies recycled source areas contained sedimentary,
metasedimentary, and quartzite rocks.  Feldspar and volcanic fragments may have been
derived from recycled sedimentary rocks that contained elevated amounts of both.
Biotite may have originated from erosion of Paleozoic age volcanic material or from
pyroclastic fallout from active volcanic sources. Tourmaline and zircon grains are likely
second or third generation detritus (recycled orogen material) derived from recycled




Paleocurrent and sandstone compositional data from the basal ~7000 meters of
the Altiplano basin indicate two distinct and separate phases of basin fill.  The first stage,
represented by the east-directed portion of the Potoco Formation, implies that a
significant amount of detritus (4190 meters) was derived from a western source region
and deposited to the southeast and northeast (Figure 3-7).  The western source area was
characterized primarily by continental block basement and recycled orogenic material
consisting of sandstone, shistose, gneissic, granitic, and volcanic material.
The second stage of basin fill is represented by the upper portion of the Potoco
and overlying deposits that make up the west-directed portion of the basal ~7000 meters
of the Altiplano basin.  These deposits are up to 2810 m thick and were derived from an
eastern source region and deposited to the west and southwest (Figure 3-7).  Sediment
source areas to the east were primarily characterized by recycled orogen and continental
block material that consisted of sandstone, shistose, and volcanic material.  Provenance
trends from the west-directed portion of measured sections from the Altiplano basin are
similar in source rock composition to the underlying east-directed succession, however,
one key distinction is the isolated occurrence of granitic and gneissic detritus occurring in
the basal 4190 meters of east-directed deposits.  The only locality of exposed gneiss
rocks in the region occurs west of the Altiplano plateau suggesting that although
sandstone composition trends are strikingly similar throughout the ~7000 meter
................. .........................
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Figure 3-7.  Generalized geologic map of the north-central Altiplano plateau and
paleocurrent trends for the basal ~7000 meters of the Altiplano basin in the Corque
syncline region.  Note the location of the Corque syncline adjacent to the elevated and
deformed Eastern Cordillera along the eastern margin of the plateau and high peaks of
the Western Cordillera along the western margin.  Provenance determinations suggest
that the lower ~4190 m of the Potoco was derived from a western source region and the
overlying portion of the succession was derived from an eastern source region during
mid-Tertiary time.  The yellow/green area on the digital elevation model and
corresponding gray area on the small regional location map correspond to elevated
regions above ~3 km.  The outlined area in the center of the smaller figures represents
the location of the corresponding geologic map in the central Andes. (DEM image
modified from USGS 30 DEM, produced by Cornell Andes Project).   
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succession, the basal 4190 meters of west-derived strata coincides with paleocurrent
trends indicating east-directed paleoflow for the same succession.  This ultimately
suggests that a significant portion of late Eocene–Oligocene fill in the Altiplano basin
was initially derived from a significant and long-lived source area located west of the
basin.
 MID-TERTIARY DEVELOPMENT OF THE ALTIPLANO BASIN
Provenance trends for the basal ~7000 meters of the Altiplano basin suggest that
sediment source areas were at least located west and east of the basin during late Eocene
and Oligocene time, respectively.  Moreover, two coarsening upward trends are observed
throughout the Potoco (outline in Chapter 2 of this text) that correspond stratigraphically
with the two successions of the basal 4190 meters of east-directed strata and overlying
west-directed strata.  Similarly, sandstone composition trends also coincide with the two
coarsening upward trends and east- and west-directed paleocurrent trends ultimately
suggesting that the filling history of the basal ~7000 meters of the Altiplano plateau
marked by two separate "pulses" of sedimentation beginning with initial east-directed
deposition from the west and secondary west-directed deposition from the east.
Mid-Tertiary deposits of the Altiplano basin are typically considered to have been
derived solely from the western flank of the Eastern Cordillera located east of the study
area (Kennan et al., 1995; Lamb and Hoke, 1997; Lamb et al., 1997).  Based on this
assumption, some researchers have proposed that the Altiplano basin is primarily an
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extensional feature that represents a large-scale half-graben basin where the east limb of
the Corque syncline makes up the faulted portion of the down-dropped graben (Baby et
al., 1997; Rochat et al., 1998).  Assuming this type of half-graben basin profile, normal
faults would be expected along the eastern margin of the syncline and Altiplano plateau,
and the thickest and most coarse-grained deposits would be located in the east limb of the
syncline and get increasingly more fine-grained as deposits are traced into the west limb.
However, there has been no documented occurrences of mid-Tertiary extension or normal
faults east or west of the Altiplano basin, and deposits are most coarse along the west
limb of the Corque syncline (coarse-grained sandstone and conglomerates) (Horton et al.,
2001) and become increasingly more fine-grained further to the east along the east limb
of the Corque syncline (Potoco Formation).  Moreover, provenance trends from the basal
~7000 meters of the Altiplano basin suggest at least two separate source regions west and
east of the basin, ultimately suggesting that mechanisms for basin formation are not likely
driven solely by extensional tectonic processes.
Although crustal shortening east of the Altiplano basin is widely accepted to have
occurred throughout Neogene time, potentially beginning as early as Eocene time
(McQuarrie and DeCelles, 2001), few researchers accept that significant amounts of
crustal shortening occurred west of the basin.  However, recent studies have documented
synorogenic Paleocene–Miocene successions of nonmarine strata (roughly equivalent to
the Potoco Formation) west of the Altiplano basin in the Chilean Precordillera region
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(Bogdanic Campusano, 1990; Hammerschmidt et al., 1992) adjacent to regions where
Paleocene–Eocene age crustal shortening has been documented (Hammerschmidt et al.,
1992; Kraemer et al., 1999; Amilibia et al., 1999; Ladino et al., 1999; Nicolas et al.,
1999).
Based on the coarsening upward trends and provenance trends in the basal ~7000
meters of the Altiplano basin determined from this project, in addition to evidence for
crustal shortening west and east of the basin during mid-Tertiary time, the following text
outlines two simple two-dimensional flexural models to test the viability of crustal
shortening and loading as a viable tectonic mechanism for the formation of the Altiplano
basin.
Flexural Model
Simple flexural theory states that thrust loading of a rigid plate results in a
downward deflection of the lithosphere.  The size and scale of this deflection is
controlled by the flexural rigidity of the plate and topographic load dimensions (Jordan,
1995).  Deflected regions represent regional isostatic compensation of the additional
topographic load produced by shortened and thickened crust.  Flexural modeling of
ancient sedimentary basins requires known values for the width and depth of the basin
and size and extent of the topographic load.
Since the distinct reversal of provenance trends from the lower to upper
successions of in the basal ~7000 meters of the Altiplano basin imply two separate source
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areas, the effect of two phases of topographic loading is modeled.  The first model uses a
proposed, realistic initial western topographic load (similar in geometry and topographic
slope to the modern fold-thrust belt in the Subandean Zone) and uses the measured 4190
meters of east-directed deposits for stratigraphic thickness.  The second model uses an
eastern topographic load constrained by deformation observed in the Eastern Cordillera
(McQuarrie and DeCelles, 2001) and ~3 km of stratigraphic thickness which includes the
upper portion of the west-directed Potoco Formation and overlying deposits.  The
modeling approach applied here treats the east-directed portion of the Potoco and the
overlying west-directed succession as two separate sedimentary basins.   In this way it
can be determined if crustal loading alone is a viable mechanism for achieving the known
thickness and width of each sedimentary package.
WESTERN LOAD MODEL
The effect of the proposed western load was modeled across a 300 km profile
through the Corque syncline region (Figure 3-8).  A basin width of 120 km was estimated
based on 1) the location of blind thrusts to the west (west of Turco), determined from
seismic data (McQuarrie and DeCelles, 2001) and interpreted as a crude representation of
an ancient western thrust front and 2) a zone of Cretaceous–early Tertiary depositional
thinning along the eastern margin of the plateau (Cheroni, 1977) potentially representing
the estimated location pinch-out of the Altiplano basin or erosional high created by an
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Figure 3-8.  Flexural profile derived using an accepted effective elastic thickness for the
Altiplano plateau (20 km), proposed western topographic load (100 km long), and
determined stratigraphic thickness (4190 m), and basin width (120 km).  Note that based
on given parameters, flexural loading west of the Altiplano basin can account for up to
~4200 meters of basin fill. (D = flexural rigidity).
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eastward to 1 km height.  The proposed topographic load tapers at ~ 3° similar to the
modern topographic slopes of 3.5° observed in the present day Subandean Zone at 18°W
(Allmendinger et al., 1997).  The effective elastic thickness, an unknown variable, is
determined iteratively to be 20 km (equivalent to a flexural rigidity of 5.0 x 1022Nm).
This value falls within the 5–25 km range of effective elastic thickness reported for the
central Andes (Stewart and Watts, 1997).
EASTERN LOAD MODEL
An eastern load was modeled across a second 300 km profile in the study area and
through the thickest portion of the Corque syncline (Figure 3-9).  A 75 km basin width
was determined by measuring the distance from 1) the frontal tip of west-directed thrusts
along the eastern margin of the Altiplano plateau (Lamb and Hoke, 1997; McQuarrie and
DeCelles, 2001), and 2) the western limit of east-derived strata in the upper Potoco
Formation and overlying deposits.  A topographic load 150 km in length was chosen
based on the east-west width of a major basement thrust sheet depicted in recent balanced
cross sections across the Eastern Cordillera (McQuarrie and DeCelles, 2001).  The
maximum height of the topographic load is 2.25 km and this value tapers to 1 km
westward.  Modeling using this topographic load and an effective elastic thickness of
13.5 km ( flexural rigidity of 1.5 x 1022Nm) produces an area that corresponds to the
known thickness (~3000) and extent of the west-directed portion of the Potoco Formation
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Figure 3-9.  Flexural profile derived using an accepted effective elastic thickness for the
Altiplano plateau (13.5 km), constrained eastern topographic load (150 km long), and
determined stratigraphic thickness (~3000 m), and basin width (75 km).  Note that based
on given parameters, flexural loading east of the Altiplano basin can account for up to
~3000 meters of basin fill. (D = flexural rigidity).
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range of effective elastic thickness reported by Stewart and Watts, (1997), and is notably
lower than the initial model for the western load based on the assumption that the crust
was weakened through time since the first initial phase of western loading.
Flexural Modeling Summary
The results of both flexural models suggest that crustal loading alone is one viable
mechanism for producing the thickness and lateral extent of late Eocene–Oligocene strata
in the basal ~7000 meters of the Altiplano basin.  Although the 2-D geometry of
topographic loads both in models is poorly constrained, they represent a realistic load
based on crustal shortening reported west and east of the basin and have been patterned
after the modern geometry of the Andean fold-thrust belt located in the Subandean Zone.
Similarly, the effective elastic thickness used in both models is noticeably lower than
average values for continental crust (average values range from 30–60 km).  However,
reasonable accepted values for the crust beneath the Altiplano plateau have been reported
as below average (5–25 km).
DISCUSSION
Until recently, a comprehensive understanding of mid-Tertiary uplift history and
progression of deformation and tectonic mechanisms controlling basin formation and fill
in the central Andes has remained unclear.  Although Tertiary time is considered a
compressional tectonic regime throughout the central Andes Paleocene–Eocene time has
typically been regarded as a period of tectonic quiescence.  Moreover, due to poor age
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constraint in early and mid-Tertiary strata, the majority of basins and sedimentary fill
have been assumed to be the result of Neogene age shortening and flexural loading.
However, new age data from mid-Tertiary age strata exposed throughout the Altiplano
plateau have revealed that a majority of these presumed Neogene age deposits are
actually late Eocene–Oligocene in age (Horton et al., 2001).  Similarly, previously
accepted patterns of sediment dispersal have been proposed suggesting predominantly
west-directed deposition from a eastern source area (uplifted Eastern Cordillera) to the
Altiplano basin do not correspond with sedimentologic and provenance trends determined
from the basal ~7000 meters of the Altiplano basin.
Provenance data from the basal ~7000 meters of the Altiplano basin suggest that
these rocks were derived from two separate source areas.  The lower 4190 km of the
Potoco was derived from a western source area comprised primarily of igneous-
metamorphic and sedimentary and metasedimentary rocks, and volcanic rocks.  Deposits
overlying the east-directed portion of the Potoco in the basal ~7000 meters of the
Altiplano basin were derived from an eastern source made up of primarily sedimentary
and metasedimentary rocks and volcanic rocks.  Subsidence necessary to accommodate
~7 km of sediment over a maximum of 15 m.y. is substantially greater than thermal
subsidence generated by continental rifts (McKenzie, 1978), eliminating isolated, heat-
flow subsidence mechanism related to simple cooling (thermal contraction) as the sole
cause for basin subsidence.  Moreover, an increase in sediment accumulation rates from
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slow sediment accumulation during Paleocene–middle Eocene time (~10 m/m.y. for
lowermost Potoco Formation) (Horton et al., 2001) to rapid rates (0.5mm/m.y. for the
basal ~7000 meters of the Altiplano basin) suggest that basin formation was directly
influenced by long-term tectonic processes.
Previous investigators have cited normal faulting and extension for basin
formation (Baby et al., 1997; Rochat et al., 1998; Allmendinger et al., 1997), however,
large scale normal faults have not been documented to exist on the surface of the
Altiplano plateau.  Although not demonstrated, possible evidence for extension is based
on the interpretation from seismic data of a normal fault bounding the east limb of the
Corque syncline (Rochat et al., 1998).  Such an interpretation would require uplift of an
eastern footwall and significant amounts of west-directed paleocurrent directions for the
entire Potoco Formation.  This hypothesis differs dramatically from the observed ~4190
meter interval of east-directed paleocurrent data documented from the lower portion of
the Potoco.  In addition, this normal fault (Rochat et al., 1998) has also been interpreted
as a major ramp in a basement involved thrust fault (McQuarrie and DeCelles, 2001;
Lamb and Hoke, 1997).  It should be noted that basins formed by strike-slip faulting and
associated transtension and transpression could also fit the sedimentologic and
provenance trends observed in the Potoco Formation (e. g. Baby et al, 1990; Sempere et
al., 1990).  However, strike-slip faults have not been documented in this region.
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Although extensional and strike-slip mechanisms for basin formation and
sedimentation cannot be fully discounted, the occurrence of thrust faults and regional
crustal shortening west and east of the study area contemporaneous with basin filling
provide an internally consistent model of crustal shortening and basin development.  A
reasonable topographic load and accepted average flexural rigidity accounts for 4190
meters of the east-directed Potoco Formation and its approximate extent from west to
east.  Paleocurrent data from these deposits support a western source shedding sediment
to the east.  An eastern topographic load and substantially lower flexural rigidity accounts
for the overlying ~3 km of west-directed portion the late Eocene–Oligocene basin.  West-
directed paleocurrent data from the upper portion of the Altiplano basin supports the
existence of such an eastern load.  The lower value for flexural rigidity necessary to
achieve basin width in the second model suggests that some process may have weakened
the crust during Oligocene to Miocene time, or alternatively, additional, non-flexural
mechanisms were also responsible for basin subsidence.
Provenance data collected from the thickest portion of the mid-Tertiary Altiplano
basin (basal ~7000 meters) in the Corque syncline region basin suggest that early to mid-
Tertiary tectonic processes active in the central Andes were more complex than
previously assumed.  During Late Eocene–Oligocene time portions of the central Andes
were characterized by long-term rapid subsidence and sediment accumulation that were
driven by sustained tectonic activity.  Although extensional tectonic mechanisms have
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been proposed for the formation and fill of the Altiplano basin, occurrences of Paleocene
age shortening and synorogenic sedimentation west of the basin, and Eocene shortening
east of the basin suggest crustal shortening and flexural loading may have played a
defining role in sedimentary basin formation.  Flexural models generated using proposed
realistic topographic loads, accepted values for effective elastic thickness, and determined
constraints for the thickness and width of the basal ~7000 meters of the Altiplano basin
demonstrate that flexural loading, while non-unique, provides one viable explanation for
the tectonic processes active in basin formation and sediment dispersal patterns.
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CHAPTER 4: CONCLUSIONS
1.) Up to ~7 km of late Eocene–Oligocene nonmarine sedimentary strata (including
~6500 meters of the Potoco Formation) in the Corque syncline of the north-central
Altiplano plateau (SW Bolivia) are the result of rapid deposition by sheetflow-
dominated fluvial processes characterized by ephemeral unconfined and poorly-
confined flow in playa lake, floodplain, and channel environments.
2.) The sheetflow-dominated fluvial model exhibited by the Potoco Formation
incorporates a significant amount of fine-grained floodplain material ultimately
suggesting that stream patterns and fine-grained facies distribution were controlled
by arid climate conditions in addition to rapid subsidence during mid-Tertiary time.
3.)  The fluvial succession accumulated rapidly (~0.5mm/my) over an extensive region
(>103 km2) and is marked by two distinct coarsening-upward trends found in the
basal ~4000 meters of the succession and the remainder of overlying deposits.
4.) Provenance data including paleocurrent measurements and modal framework grain
composition of sandstone throughout the succession indicate that the basal ~4190
meters of strata was derived from a western source area (east-directed strata)
composed of sedimentary, metasedimentary, metamorphic, igneous, and volcanic
rocks.  The remainder of the succession was derived from an eastern source area
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(west-directed strata) consisting of sedimentary, metasedimentary, and volcanic
rocks.
5.) Rapid sediment accumulation and subsidence necessary to accommodate deposits in
the deepest portion of the Altiplano basin suggest that thermal mechanisms can be
discounted as the sole cause of basin formation.  Furthermore, based on regional
evidence of Paleocene–Eocene age synorogenic deposits and thrust faults located
west of the project study area, in addition to evidence for Eocene age thrust faults
east of the basin, it is reasonable to assume that crustal shortening and flexural
loading may have been influential in the formation of the Altiplano basin.
6.)  Assuming a realistic proposed western topographic load and an average accepted
effective elastic thickness for the crust beneath the Altiplano plateau region (20 km),
quantitative 2-D basin modeling results indicate that the flexural loading is one
viable mechanism for producing up to ~4190 m of subsidence for the basal portion of
west-derived Potoco strata.
7.) Similarly, flexural modeling using a constrained eastern topographic load and
flexural rigidity reflective of weakened crust (13.5 km) can account for up to ~3 km
of subsidence for the overlying east-derived succession.  Although modeling results
are non-unique, they suggest that crustal shortening and loading both west and east of




Allen, J. R. L., 1963, The classification of cross-stratified units, with notes on their
origin: Sedimentology, v. 2, p. 93-114.
Allmendinger, R. W., Jordan, T. E., Kay, S. M., and Isacks, B. L., 1997, The evolution of
the Altiplano Puna plateau of the Central Andes: Annual Review of Earth and
Planetary Sciences, v. 25, p. 139-174.
Amilibia, A., Sàbat, F., Chong, G., Muñoz, J. A., Roca, E., and Rodriguez-Perea, A.,
1999, Evolution of Domeyko range, northern Chile, in Extended abstracts, Fourth
International Symposium on Andean Geodynamics, Göttingen, Germany: Paris,
IRD, p. 25-29.
Armijo, R., Tapponnier, P., Mercier, J. L., and Han, T. L., 1986, Quaternary extension in
southern Tibet: Field observations and tectonic implications: Journal of
Geophysical Research, v. 91, p. 13803-13872.
Armijo, R. Tapponnier, P., and Tonglin, H., 1989, Late Cenozoic right-lateral strike-slip
faulting in southern Tibet: Journal of Geophysical Research, v. 94, p. 2787-2838.
Baby, P., Rochat, P., Mascle, G., and Hérail, G., 1997, Neogene shortening contribution
to crustal thickening in the back arc of the Central Andes: Geology, v. 25, p. 883-
886.
Baby, P., Sempere, T., Oller, J., Barrios, L., Hérail, G., and Marocco, R., 1990, A late
Oligocene–Miocene intermontane foreland basin in the southern Bolivian
Altiplano: Comptes Rendus Académie des Sciences, série II, v. 311, p. 341-347.
Beck, S., Zandt, G., Myers, S. C., Wallace, T. C., Silver, P. G., and Drake, L., 1996,
Crustal-thickness variations in the central Andes: Geology, v. 24, p. 407-410.
Bentham, P. A., Talling, P. J., and Burbank, D. W., 1993, Braided stream and flood-
     plain deposition in a rapidly aggrading basin: the Escanilla formation, Spanish
     Pyrenees, in Best, J. L., and Bristow, C. S., eds., Braided Rivers: Geological
Society of London Special Publications 75, p. 177-194.
Blair, T. C., and McPherson, J. G., 1994, Alluvial fans and their natural distinction from
rivers based on morphology, hydraulic processes, sedimentary processes, and
facies assemblages: Journal of Sedimentary Research, v. A64, p. 450-489.
Bogdanic Campusano, T., 1990, Kontinentale sedimentation der kreide und des
     alttertiärs imumfeld des subduktionsbedingten magmatismus in der Chilenischen
     Präkordillere (21°–23°S) [Ph.D. thesis]: Free University, Berlin, 117 p.
Bown, T. M., and Kraus, M. J., 1987, Integration of channel and floodplain suites,
     development of sequence and lateral relations of alluvial paleosols: Journal of
     Sedimentary Petrology, v. 57, p. 587-601.
113
Bridge, J. S., 1985, The Catskill magnafacies of New York State, in Flores, R. M., and
Harvey, M. D., eds., Field guide to modern and ancient fluvial systems in the
United States: 3rd International Sedimentology Conference, Fort Collins,
Colorado, p. 3-17.
Bridge, J. S., 1993, The interaction between channel geometry, water flow, sediment
transport, and deposition in braided rivers, in Best, J. L., Bristow, C. S., eds.,
     Braided rivers: Geological Society of London Special Publication 75, p. 13-77.
Brozovic, N., and Burbank, D. W., 2000, Dynamic fluvial systems and gravel
progradation in the Himalayan foreland: Geological Society of America Bulletin,
v.112, p. 394-412.
Burchfiel, B. C., Chen, Z., Royden, L. H., Liu, Y., and Deng, C., 1991, Extensional
     development of Gabo Valley, southern Tibet: Tectonophysics, v. 14, p. 187-193.
Cant, D. J., 1978, Development of facies model for sandy braided river sedimentation:
comparison of the South Saskatchewan River and Battery Point Formation, in
Miall, A. D., ed., Fluvial sedimentology: Canadian Society of Petroleum
Geologists Memoir 5, p. 627-640.
Cant, D. J., and Walker, R. G., 1976, Development of a braided-fluvial facies model
     for The Devonian Battery Point Sandstone, Quebec: Canadian Journal of Earth
     Science, v.13, p. 102-119.
Cherroni, C., 1997, El sistema Cretacico en la parte Boliviana de la Cunca Andina:
Revista Tecnica de Yacimientos Petroliferos Fiscales Bolivianos, La Paz, v. 4 p. 5-
46.
Coney, P. J., and Evenchick, C. A., 1994, Consolidation of the American Cordilleras:
Journal of South American Earth Sciences, v. 7, p. 241-262.
Cowan, G., 1993, Identification and significance of aeolian deposits within the
     dominantly fluvial Sherwood Sandstone Group of the East Irish Sea Basin, UK,
     in North, C. P., and Prosser, D. J., eds., Characterization of fluvial and aeolian
     reservoirs: Geologic Society of London Special Publication 73, p. 231-245.
Dalmayrac, B., and Molnar, P., 1981, Parallel thrust and normal faulting in Peru and
constraints on the state of stress: Earth and Planetary Science Letters, v. 55, p.
473-481.
Davies, D. K., 1966, Sedimentary structures and subfacies of a Mississippi river point bar:
     Journal of Geology, v. 75, p. 234-239.
DeCelles, P. G., and Cavazza, W., 1999, A comparison of fluvial megafans in the
Cordillera (Upper Cretaceous) and modern Himalayan foreland basin system:
Geological Society of America Bulletin, v. 111, p. 1315-1334.
114
DeCelles, P. G., Langford, R. P., and Schwartz, R. K., 1983, Two new methods of
paleocurrent determinations from trough cross-stratification: Journal of
Sedimentary Petrology, v. 53, p. 629-642.
Desloges, J. R. and Church, M., 1987, Channel and floodplain facies in a wandering
     gravel-bed river, in Etheridge, F. G., Flores, R. M., and Harvey, M.D., eds.,
Recent developments in fluvial sedimentology: Society of Economic
Paleontologists and Mineralogists Special Publications 39, p. 99-110.
Dewey, J. F., and Bird, J. M., 1970, Mountain belts and the new global tectonics: Journal
     of Geophysical Research, v. 75, p. 2625-2647.
Dickinson, W. R., Beard, L. S., Brakenridge, G. R., Erjavec, J. L., Ferguson, R. C.,
     Inman, K. F., Knepp, R. A., Lindberg, F. A., and Ryberg, P. T., 1983, Provenance
of North American Phanerozoic sandstones in relation to tectonic setting:
Geological Society of America Bulletin, v. 94, p. 222-235.
Eberth, D. A., and Miall, A. D., 1991, Stratigraphy, sedimentology, and evolution of a
     vertebrate-bearing, braided to anastomosed fluvial system, Cutler Formation
(Permian-Pennsylvanian), north-central New Mexico: Sedimentary Geology, V.
72, p. 225-252.
Evernden, J. F., Kriz, S. J., and Cherroni, C., 1977, Potassium-argon ages of some
Bolivian rocks: Economic Geology, v. 72, p. 1042-1061.
Friend, P. F., 1978, Distinctive features of some ancient river systems, in Miall, A. D.,
     ed., Fluvial sedimentology: Canadian Society of Petroleum Geologists Memoir 5,
     p. 531-542.
Frostick, L. E., and Reid, I., 1977, The origin of horizontal laminae in ephemeral stream
     channel fill: Sedimentology, v. 24, p. 1-10.
Gayet, M., Marshal, L. G., and Sempere, T., 1991, The Mesozoic and Paleocene
vertebrates of Bolivia and their stratigraphic context: A review: Revista Tecnica de
Yacimientos Petroliferos Fiscales Bolivianos, v. 12, no. 3-4, p. 393-433.
George, G. T., and Berry, J. K., 1993, A new lithostratigraphy and depositional model
     for the Upper Rotliegend for the UK sector of the southern North Sea, in North,
     C. P., and Prosser, D. J., eds., Characterization of fluvial and aeolian reservoirs:
     Geologic Society of London Special Publications 73, p. 291-319.
Ghibaudo, G., 1992, Subaqueous sediment gravity flow deposits: practical criteria for
     their field description and classification: Sedimentology, v. 39, p. 423-454.
Gibling, M. R., Nanson, G. C., and Maroulis, J. C., 1998, Anastomosing river
sedimentation in the Channel Country of central Australia: Sedimentology, v. 45,
p. 595-619.
115
Glennie, K. W., 1970, Desert Sedimentary Environments, in Developments in
Sedimentology 14: Elsevier, Amsterdam, 222 p.
Hammerschmidt, K., Döbel, R., and Friedrichsen, H., 1992, Implication of 40Ar/39Ar
     dating of Early Tertiary volcanic rocks from the north-Chilean Precordillera:
     Tectonophysics, v. 202, p. 55-81.
Harrison, T. M., Copeland, P., Kidd, W. F. S., and Yin, A., 1992, Raising Tibet: Science,
v. 225, p. 1663-1670.
Haxby, W. F., Turcotte, D. L., and Bird, J. B., 1976, Thermal and mechanical evolution of
the Michigan Basin, Tectonophysics, v. 36, p. 57-35.
Hein, F. J., and Walker, R. G., 1977, Bar evolution and development of stratification in
     the gravelly, braided, Kicking Horse River, British Columbia: Canadian Journal of
     Earth Science, v. 14, p. 562-570.
Horton, B. K., 1998, Sediment accumulation on top of the Andean orogenic wedge:
     Oligocene to late Miocene basins of the Eastern Cordillera, southern Bolivia:
     Geological Society of America Bulletin, v. 110, p. 1174-1192.
Horton, B. K., and DeCelles, P. G., 1997, The modern foreland basin system adjacent to
     the Central Andes: Geology, v. 25, p. 895-898.
Horton, B. K., and DeCelles, P. G., 2001, Modern and ancient fluvial megafans in the
central Andean foreland basin system, southern Bolivia: Basin Research, v. 13, p.
43-63.
Horton, B. K., Hampton, B. A., and Waanders, G. L., 2001, Paleogene synorogenic
sedimentation in the Altiplano plateau and implications for initial mountain
building in the central Andes: Geological Society of America Bulletin, v. 113, p.
1387-1400.
Horton, B. K., and Schmitt, J. G., 1996, Sedimentology of a lacustrine fan-delta system,
Miocene Horse Camp Formation, Nevada, USA: Sedimentology, v. 43, p. 133-
155.
Ingersoll, R. V., Bullard, T. F., Ford, R. L., Grimm, J. P., Pickle, J. D., and Sares, S. W.,
1984, The effects of grain-size on detrital modes: a test of the Gazzi-Dickinson
     point-counting method: Journal of Sedimentary Petrology, v. 54, p. 103-116.
Isacks, B. L., 1988, Uplift of the central Andean plateau and bending of the Bolivian
     orocline: Journal of Geophysical Research, v. 93, p. 3211-3231.
James, D. E., 1971, Plate-tectonic model for the evolution of the central Andes:
Geological Society of America Bulletin, v. 82, p. 3325-3346.
116
Jordan, T. E., 1981, Thrust loads and foreland basin evolution, Cretaceous, Western
United States: American Association of Petroleum Geologists Bulletin, v. 65, p.
2506-2520.
Jordan, T. E., 1995, Retroarc foreland and related basins, in Busby, C. J., and Ingersoll,
R. V., eds., Tectonics of sedimentary basins: Cambridge, Massachusetts,
Blackwell Science, p. 331-362.
Jordan, T. E., and Alonso, R. N., 1987, Cenozoic stratigraphy and basin tectonics of the
     Andes Mountains, 20°-28° south latitude: American Association of Petroleum
     Geologists Bulletin, v. 71, p. 49-64.
Jordan, T. E., Isacks, B., Allmendinger, R. W., Brewer, J. A., Ramos, V. A., and
     Ando, B. J., 1983, Andean tectonics related to geometry of subducted Nazca plate:
Geological Society of America Bulletin, v. 94, p. 341-361.
Kelly, S. B., and Olsen, H., 1993, Terminal fans–a review with references to Devonian
     examples: Sedimentary Geology, v. 85, p. 339-374.
Kennan, L., Lamb, S., and Rundle, C., 1995, K-Ar dates from the Altiplano and
Cordillera Oriental of Bolivia: implications for Cenozoic stratigraphy and
tectonics: Journal of South American Earth Sciences, v. 8, p. 163-186.
Kraemer, B., Adelmann, D., Alten, M., Schnurr, W., Erpenstein, K., Kiefer, E., van
den Bogaard, P., and Görler, K., 1999, Incorporation of the Paleogene foreland
into the Neogene Puna plateau: The Salar de Antofalla area, NW Argentina:
Journal of South American Earth Sciences, v. 12, p. 157-182.
Kraus, M. J., and Middleton, L. T., 1987, Contrasting architecture of two alluvial suites
     in different structural settings, in Etheridge, F. G., Flores, R. M., and Harvey, M.
     D., eds., Recent developments in fluvial sedimentology: Society of Economic
     Paleontologists and Mineralogists Special Publication, 39, p. 253-262.
Ladino, M., Tomlinson, A., and Blanco, N., 1999, New constraints for the age of
     Cretaceous compressional deformation in the Andes of northern Chile (Sierra de
     Moreno, 21°-22°10’ S), in Extended abstracts, Fourth International Symposium on
     Andean Geodynamics, Göttingen, Germany: Paris, IRD, p. 407-410.
Lamb, S., and Hoke, L., 1997, Origin of the high plateau in the Central Andes, Bolivia,
South America: Tectonics, v. 16, p. 623-649.
Lamb, S., Hoke, L., Kennan, L., and Dewey, J., 1997, Cenozoic evolution of the Central
Andes in Bolivia and northern Chile, in Burg, J. P., and Ford, M., eds., Orogeny
through time: Geological Society of London Special Publication 121, p. 237-264.
Lowe, D. R., 1982, Sediment gravity flows: II. Depositional models with special
reference to the deposits of high-density currents: Journal of Sedimentary
Petrology, v. 52, 279-297.
117
Lungerg, J. G., Marshal, L. G., Guerrero, J., Horton, B., Malabarba, M. C., and
Wesselingh, F., 1998, The stage for neotropical fish diversification: A history of
tropical South American rivers, in Malabarba, L.R., et al., eds., Phylogeny and
classification of neotropical fishes: Porto Alegre, Brazil, Museu de CiIncias e
Tecnologia, Edipucrs, p. 13-48.
MacFadden,  B. J., 1990, Chronology of Cenozoic primate localities in South America:
Journal of Human Evolution, v. 19, p. 7-21.
Mack, G. H., and Seager, W. R., 1990, Tectonic controls on facies distribution on the
Camp Rice and Palomas Formations (Plio-Pleistocene) in the southern Rio
     Grande Rift: Geological Society of America Bulletin, v. 102, p. 45-53.
Marshall, L. G., Swisher, C. C., III, Lavenu, A., Hoffstetter, R., and Curtis, G. H., 1992,
Geochronology of the mammal-bearing late Cenozoic on the northern Altiplano,
Bolivia: Journal of South American Earth Sciences, v. 5, p. 1-19.
McCaffrey, R., and Nabelek, J., 1998, Role of oblique convergence in the active
deformation of the Himalayas and southern Tibet plateau: Geology, v. 26, p. 691-
694.
McNulty, B. A., Farber, D. L., Wallace, G. S., Lopez, R., and Palacios, O., 1998, Role of
plate kinematics and plate-slip-vector partitioning in continental magmatic arcs:
Evidence from the Cordillera Blanca, Peru: Geology, v. 26, p. 827-830.
McKee, E. D., 1967, Flood deposits, Bijou Creek, Colorado, June 1965: Journal of
     Sedimentary Petrology, v. 37, p. 829-851.
McKee, E. H., and Noble, D. C., 1982, Miocene volcanism and deformation in the
Western Cordillera and high plateaus of south-central Peru: Geological Society of
America Bulletin, vol. 93, p. 657-662.
McKenzie, D., 1978, Some remarks on the development of sedimentary basins: Earth and
Planetary Science Letters, v. 40, p. 25-32.
McQuarrie, N., and DeCelles, P. G., 2001, Geometry and structural evolution of the
     Central Andean Backthrust Belt, Bolivia: Tectonics, v. 20, p. 669-692.
Mercier, J. L., Sebrier, M., Lavenu, A., Cabrera, J., Belier, O., Dumont, J. L., and
     Machare, J., 1992, Changes in the tectonic regime above a subduction zone of
     Andean  type: The Andes of Peru and Bolivia during the Pliocene–Pleistocene:
     Journal of Geophysical Research, v. 97, p. 11945-11982.
Mergard, F., 1984, The Andean orogenic period and its major structures in central and
northern Peru: Journal of the Geological Society of London, v. 141, p. 893-900.
Mergard, F., Noble, D. C., Mckee, E. H., and Bellon, H., 1984, Multiple pulses of
Neogene compressive deformation in the Ayacucho intermontane basin, Andes of
central Peru: Geological Society of America Bulletin, v. 95, p. 1108-1117.
118
Miall, A. D., 1977, A review of the braided river depositional environment: Earth
     Science Review, v. 13, p. 1-62.
Miall, A. D., 1978, Lithofacies types and vertical profile models in braided river
     deposits: a summary, in Miall, A. D., ed., Fluvial sedimentology: Canadian
Society of Petroleum Geologists Memoir 5, p. 597-604.
Miall, A. D., 1985, Architectural-element analysis: a new method of facies analysis
     applied to fluvial deposits: Earth Science Review, v. 22, p. 261-308.
Miall, A. D., and Gibling, M. R., 1978, The Siluro-Devonian clastic wedge of Somerset
Island, Arctic Canada, and some regional paleogeographic implications:
Sedimentary Geology, v. 21, p. 85-127.
Molnar, P., England, P., and Martinod, J., 1993, Mantle dynamics, uplift of the Tibetan
Plateau, and the Indian monsoon: Review of Geophysics, v. 31, p. 357-396.
Molnar, P., and Lyon-Caen, H., 1988, Some simple physical aspects of the support,
structure, and evolution of mountain belts: Geological Society of America Special
Paper, 218, p. 179-206.
Molnar, P., and Tapponnier, P., 1978, Active tectonics of Tibet: Journal of Geophysical
Research, v. 83, p. 5361-5375.
Moody-Stuart, M., 1966, High and low sinuosity stream deposits, with examples from the
Devonian of Spitzbergen: Journal of Sedimentary Petrology, v. 36, p. 1102-1117.
Newell, A. J., Tverdokhlebov, V. P., and Benton, M. J., 1999, Interplay of tectonics
     and climate on a transverse fluvial system, Upper Permian, southern Uralian
     foreland basin, Russia: Sedimentary Geology, v. 127, p. 11-29.
Nicolas, C., Wilke, H. G., Schneider, H., and Lucassen, F., 1999, New constraints on
     the Cretaceous–Tertiary deformation in Sierra de Moreno, Precordillera of the
     Segunda region de Antofagasta, northern Chile, in Extended abstracts, Fourth
     International Symposium on Andean Geodynamics, Göttingen, Germany: Paris,
     IRD, p. 543-546.
Noble, D. C., McKee, E. H., Farrar, E., and Peterson, U., 1974, Episodic Cenozoic
volcanism and tectonism in the Andes of central Peru: Earth and Planetary Science
Letters, vol. 21, p. 213-220.
Noble, D. C., McKee, E. H., and Mergard, F., 1979, Early Tertiary "Incaic" tectonism,
uplift and vocanic activity, Andes of central Peru: Geological Society of America
Bulletin, vol. 90, p. 903-907.
Pardo-Casas, F., and Molnar, P., 1987, Relative motion of the Nazca (Farallon) and
     South American plates since late Cretaceous time: Tectonics, v. 6, p. 233-248.
119
Parkash, B., Awasthi, A. K., and Gohain, K., 1983, Lithofacies of the Markanda
     terminal fan, Kurukshetra district, Haryana, India, in, Collinson, J.D., and
     Lewin, J., eds., Modern and ancient fluvial systems: International Association of
     Sedimentologists Special Publications 6: p. 337-344.
Picard, M. D., and High L. R., 1973, Sedimentary Structures of Ephemeral Streams, in
Developments in Sedimentology 17: Elsevier, Amsterdam 223 pp.
Pilger, R. H., Jr., 1981, Plate reconstruction, aseismic ridges, and low-angle subduction
beneath the Andes: Geological Society of America Bulletin, vol. 92., p. 448-456.
Pilger, R. H., Jr., 1984, Cenozoic plate kinematics, subduction and magmatism: South
American Andes: Journal of the Geological Society of London, v. 141, p. 793-802.
Postma, G., 1983, Water escape structures in the context of a depositional model of a
mass flow dominated conglomeratic fan-delta (Abrioja Formation, Pliocene,
Almeria Basin, SE Spain): Sedimentology, v. 30, p. 91-103.
Retallack, G. J., 1988, Field recognition of paleosols, in Reinhardt, J., and Sigleo, W.
     R., eds., Paleosols and weathering through geologic time: Principals and
applications: Geologic Society of America Special Paper 216, p. 1-20.
Rhee, C. W., and Chough, S.K., 1993, The Cretaceous Pyonghae sequence, southeast
     Korea: Terminal fan facies: Palaeogeography, Palaeoclimatology, Palaeoecology,
v. 105, p. 139-156.
Rochat, P., Baby, P., Hérail, G., Mascle, G., and Aranibar, O., 1998, Geometric
analysis and tectonosedimentary model of the northern Bolivian Altiplano:
Comptes Rendus Académie des Sciences, série II, v. 327, p. 769-775.
Rust, B. R., 1981, Sedimentation in an arid-zone anastamosing fluvial system: Cooper’s
     Creek, central Australia: Journal of Sedimentary Petrology, v. 51, p. 745-755.
Schumm, S. A., 1961, Effect of sediment characteristics on erosion and deposition in
ephemeral stream channels: U. S. Geological Survey Professional Paper, 352-C, p.
31-70.
Schumm, S. A., 1968, Speculations concerning palaeohydraulic controls of terrestrial
     sedimentation: Geologic Society of America Bulletin, v.79, p. 1573-1588.
Schuster, M. W., and Steidtmann, J. R., 1987, Fluvial sandstone architecture and
     thrust-induced subsidence, Northern Green River Basin, Wyoming, in Etheridge,
     F. G., Flores, R. M., and Harvey, M. D., eds., Recent developments in fluvial
     sedimentology: Society of Economic Paleontologists and Mineralogists Special
     Publication, 39, p. 279-286.
120
Sebrier, M., and Soler, P., 1991, Tectonics and magmatism in the Peruvian Andes from
     late Oligocene time to the Present, in Harmon, R. S., and Rapela, C. W., eds.,
     Andean magmatism and its tectonic setting: Geologic Society of America Special
     Paper 265, p. 259-278.
Sempere, T., 1995, Phanerozoic evolution of Bolivia and adjacent regions, in Tankard,
J., Suárez S. R., and Welsink, H. J., eds., Petroleum basins of South America:
     American Association of Petroleum Geologists Memoir 62, p. 207-230.
Sempere, T., Butler, R. F., Richards, D. R., Marshall, L. G., Sharp, W., and Swisher, C.
C., 1997, Stratigraphy and chronology of Late Cretaceous–early Paleogene strata
in Bolivia and northwest Argentina: Geological Society of America Bulletin, v.
109, p. 709-727.
Sempere, T., Hérail, G., Oller, J., Baby, P., Barrios, L., and Marocco, R., 1990, The
Altiplano: A province of intermontane foreland basins related to crustal shortening
in the Bolivia orocline area: International Symposium on Andean Geodynamics,
     Grenoble, p. 167-170.
Sempere, T., Hérail, G., Oller, J., and Bonhomme, M. G., 1990, Late Oligocene–early
     Miocene major tectonic crisis and related basins in Bolivia: Geology, v. 18, p.
     946-949.
Singh, H., Parkash, B., and Gohain, K., 1993, Facies analysis of the Kosi megafan
     deposits: Sedimentary Geology, v. 85, p. 87-113.
Sleep, N. H., 1971,Thermal effects of the formation of Atlantic continental margins by
continental break up: The Geophysical Journal of The Royal Astronomical
Society, v. 24, p. 324-350.
Sleep, N. H., and Snell, N. S., 1976, Thermal contraction and flexure of mid-continent and
Atlantic marginal basins: The Geophysical Journal of The Royal Astronomical
Society, v. 45, p. 125-154.
Smith, D. G., 1986, Anastamosing river deposits, sedimentation rates, and basin
     subsidence, Magdalena River, northwestern Columbia, South America:
Sedimentary Geology, v. 46, p. 177-196.
Smith, D. G., and Smith, N. D., 1980, Sedimentation in anastomosed river systems:
     examples from alluvial valleys near Banff, Alberta: Journal of Sedimentary
     Petrology, v. 50, p. 157-164.
Smith, N. D., 1970, The braided stream depositional environment: comparisons of the
Platte River with some Silurian clastic rocks, north central Appalachians:
Geological Society of America Bulletin, v. 81, p. 2993-3014.
Stanistreet, I. G., and McCarthy, T. S., 1993, The Okavango fan and the classification
     of subaerial fan systems: Sedimentary Geology, v. 85, p. 115-133.
121
Steinman, G., 1929, Geologie von Peru: Karl Winter, Heidelberg, 448 p.
Stewart, J., and Watts, A. B., 1997, Gravity anomolies and spatial variations of flexural
rigidity at mountain ranges: Journal of Geophysical Research, v. 102, p. 5327-
5352.
Suarez, R., and Diaz, E., 1996, Lexico estratigrafico de Bolivia: Revista Tecnica de
Yacimientos Petroliferos Fiscales Bolivianos, v. 17, no. 1-2, p. 7-227.
Swanson, K. E., Nobel, D. C., McKee, E. H., Sempere, T., Martinez, C., and Cirbian, M.,
1987, Major revisions in the age of rock units and tectonic events in the northern
Altiplano basin of Bolivia: Geological Society of America Abstracts with
Programs, V. 19, p. 456.
Trewin, N. H., 1993, Controls on fluvial deposition in mixed fluvial and aeolian facies
within the Tumblagooda Sandstone (Late Silurian) of Western Australia, in North,
C. P., and Prosser, D. J., eds., Characterization of fluvial and aeolian reservoirs:
     Geologic Society of London Special Publications 73, p. 219-230.
Tunbridge, I. B., 1984, Facies models for a sandy ephemeral stream and clay playa
     complex; the Middle Devonian Trentishoe Formation of North Devon, UK:
     Sedimentology, v. 31, p. 697-716.
Vandervoort, D. S., and Schmitt, J. G., 1990, Cretaceous to early Tertiary
     paleogeography in the hinterland of the Sevier thrust belt, east-central Nevada:
     Geology, v. 18, p. 567-570.
Watts, A. B., and Ryan, W. B. F., 1976, Flexure of the lithosphere and continental margin
basins: Tectonophysics, v. 36, p. 25-44.
Whipple, K.X., and Dunne, T., 1992, The influence of debris-flow rheology on fan
morphology, Owens Valley, California: Geological Society of American Bulletin,
v. 104, p. 887-900.
Wigger, P. J., Schmitz, M., Araneda, M., Asch, G., Baldzuhn, S., Giese, P., Heinsohn,
     W., Martinez, E., Ricaldi, E., Rower, P., and Viramonte, J., 1994, Variation in the
    crustal structure of the southern central Andes deduced from seismic refraction
     investigations, in Reutter, K. J., Scheuber, E., and Wigger, P.J., eds., Tectonics of
     the southern Central Andes: Springer-Verlag, New York, p. 23-48.
Williams, G. E., 1970, The Central Australian stream floods of February-March 1967:
     Journal of Hydrology, v. 11, p. 185-200.
Williams, G. E., 1971, Flood deposits of the sandbed ephemeral streams of central
     Australia: Sedimentology, v. 17, p. 1-40.
Zandt, G., Velasco, A. A., and Beck, S. L., 1994, Composition and thickness of the
     Southern Altiplano crust, Bolivia: Geology, v. 22, p. 1003-1006.
122
VITA
Brian Hampton was born July 21, 1974, in Moscow, Idaho.  He was raised in
Yakima, Washington, where he received his primary and secondary education.  During
his time in Yakima, Brian was an active participant in his high school athletic department
and student government and spent much of his time outside of school hiking and
climbing various peaks throughout the Cascade Mountain Range.  Brian graduated from
high school in the spring of 1992 and began his undergraduate education at Pacific
Lutheran University in Tacoma, Washington, in the fall of that same year.
Brian continued his activity in student government, athletics, hiking, and climbing
at PLU in addition to beginning his study in the field of geology.  His activities in the
Department of Earth Sciences at PLU afforded him the opportunity to travel throughout
North America, including the northwestern, southwestern, and midwestern portions of the
United States, in addition to spending a month studying geology and biology on the
island of Hawaii.  During his final year at PLU, Brian accepted a part-time job as a
geologic consultant with Weyerhaeuser Company in the Division of Mineral Resources
in Federal Way, Washington.  Brian received his Bachelor of Science degree in geology
from PLU in the spring of 1997 and began working as a full-time consultant for
Weyerhaeuser.
123
Prior to his arrival in Louisiana for his graduate study, Brian spent part of the
summer of 1998 traveling and climbing throughout Africa and Europe.  During that
summer he had the opportunity to travel through the Serengeti National Park, visit friends
living along the Serengeti Game Reserve in Tanzania, climb Mt. Kilimanjaro, trek
throughout the French Alps, and visit family in Ireland.
Brian began his graduate study in geology in the fall of 1998 in the Department of
Geology and Geophysics at Louisiana State University in Baton Rouge, Louisiana.
During his time at LSU, Brian spent six months in the central Andes of Bolivia and
Argentina collecting data for his master's project.  Brian spent his time in South America
carrying out fieldwork and living with a group of Aymara people in the town of
Chuquichambi on the Altiplano plateau.  He also had the opportunity to climb several
mountains in the Andes with elevations >6000 meters.  During his time in the geology
department at LSU, Brian worked part-time as a teaching assistant and was actively
involved in the department's student chapter of the American Association of Petroleum
Geologists, in addition to being an active member of the Geological Society of America
and the American Geophysical Union.  He also spent two semesters working as a geology
intern at Conoco Inc., in the Advanced Exploration Organization in Houston, Texas, and
at BP Exploration in the Greater Prudhoe Bay Group in Anchorage, Alaska.  He expects
to receive his Master of Science in geology from LSU in the summer of 2002.
124
Brian plans to continue his graduate work in geology and will begin working
toward his doctoral degree in the Department of Earth and Atmospheric Sciences at
Purdue University in West Lafayette, Indiana, beginning in the fall of 2002.  He is
currently planning a month long field season to Alaska and will work with the U. S.
Geological Survey in the Alaska Range and Wrangell Mountains as part of his project.
